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USE OF PRINCIPAL COMPONENT ANALYSIS IN THE 
SELECTION OF OPTIMUM AGRONOMIC TREATMENTS 
FOR WINTER WHEAT (TRITICUM AESTIVUM L.) VARIETIES 
WITH VARIOUS BAKING QUALITIES 
G. VIDA, Z. BEDŐ, M. JOLÁNKAI and L. LÁNG 
AGRICULTURAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, 
MARTONVÁSÁR, HUNGARY 
(Received: 25 April, 1995; accepted: 16 August, 1995) 
Principal component analysis was used to classify agronomic treatments, 
comparing three wheat varieties with different breadmaking qualities. In the case of 
varieties with good breadmaking quality the first principal component had a positive 
effect on quality traits, while it had a negative influence in the case of the variety with 
poor breadmaking quality. By determining and plotting the principal component weights, 
it was possible to identify treatments which had an advantageous effect on breadmaking 
quality. 
Key words: wheat, breadmaking quality, principal component analysis, agronomic 
treatment, fertilization, irrigation 
Introduction 
Breadmaking quality is a complex character which is substantially 
influenced by environmental factors. Some of these factors (the climatic and 
edaphic conditions of the growing site) are largely independent of human 
activities, while others can be altered by choosing different agronomic practices. 
Pnnctpal component analysis (PCA) can be of assistance in selecting the 
agronomic treatments required for the production of wheat with good 
technological quality, since several components of baking quality can be jointly 
considered. 
Up till now, multifactorial statistical methods have chiefly been used in 
agricultural research for the charactensation and classification of agroecological 
regions or growing sites. 
Some authors have employed principal component, factor or cluster 
analyses to classify environments. Berzsenyi (1980) carried out PCA on 
agronomic factors using maize production data. Hill and Goodchild (1981) 
processed the results of examinations in the Australian wheat growing belt using 
PCA. Bedő et al. (1982) classified wheat varieties with various degrees of 
adaptability by means of PCA and they found that the first principal component 
of those with specific adaptability was to be found in the negative range and that 
of varieties with good general adaptability in the positive range. Using factor and 
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cluster analysis, Ángyán et al. (1982) grouped the maize-producing regions of 
Hungary and compiled an agroecological map of the country. Láng et al. (1985) 
classified the wheat-producing areas of Hungary by means of principal component 
analysis. Bedö et al. (1987) employed principal component analysis based on a 
modified version of Wricke's ecovalence value to classify growing sites and 
varieties. Szabó (1990) also used principal component analysis to analyse the 
effects of ecological and production factors on wheat production. 
Ghaderi et al. (1980), Gallagher and Soliman (1988), Collaku (1991), Yau 
et al. (1991) and Yau and Ortiz-Ferrara (1991) applied cluster analysis to group 
growing sites. On the basis of data from IWWPN trials sown at 56 growing sites 
in 30 countries, Peterson and Pfeiffer (1989) divided the wheat-growing zones of 
the world into subgroups using factor analysis. Peterson (1992) classified the 
Hard Red Winter Wheat Belt of the United States in a similar manner. In the 
course of this work he demonstrated the presence of distinct subgroups in both the 
northern and the southern regions. Using correlation analysis, a biological 
interpretation was also sought for the various background variables. 
In the present experiments winter wheat varieties with differing 
breadmaking qualitites were used to examine the applicability of principal 
component analysis in selecting agronomic treatments ensuring optimum growing 
conditions. 
Materials and methods 
In order to achieve this aim, small plot field experiments were set up on the László-
puszta nursery of the Agricultural Research Institute of the Hungarian Academy of Sciences in 
1989-1991. The soil of the experimental area is medium heavy chernozem with forest residues 
and a deep fertile layer. The experimental design was a 3-factor split-split plot, havmg four main 
plots in each replication, with two fertilizer and two irrigation treatments in each main plot, 
within which the subplots were represented by randomly sown varieties. The irrigated blocks 
received a total of 150 mm water applied in two instalments during the first ten days of May and 
June in the form of sprinkler irrigation. In the fertiliser blocks the NPK rates rose by 100 kg/ha 
from 0-700 kg/ha. The NPK ratio was 1:1:1. The nitrogen fertiliser was distributed on two 
occasions, 50% in autumn prior to sowing and 50% in spring. Each year the forecrop was Sudan 
grass. The quality analyses were carried out in the flour quality testing laboratory of the 
Agricultural Research Institute on three varieties with differing breadmaking qualities 
(Martonvásári 4, Martonvásári 16, Martonvásári 17) grown in 16 microenvironments (8 nutrition 
levels-X 2 water supply levels) in three replications. The codes of the various agronomic 
treatment combinations are presented in Table 1. 
Principal component analysis was carried out using the method of Sváb (1979) on data 
recorded for six quality traits: thousand grain weight, wet and dry gluten content, gluten ratio, 
farinograph water absorption and farinograph index. The principal component weight was 
considered to be substantial if its value exceeded that of the square root of the correlation 
coefficient at DF = p - 1 degrees of freedom at the P = 5% level of significance. An analysis was 
made of the correlation between the principal component variables and the basic data, both for 
the separate varieties and for the three varieties together, using data averaged over three years. 
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Table 1 
Codes of the agronomic treatments 
Treatment NPK active agents (kg/ha) 
0 100 200 300 400 500 600 700 
Irrigated 1 2 3 4 5 6 7 8 
Non-irrigated 9 10 11 12 13 14 15 16 
The measurement of thousand grain weight was carried out by manual counting. The 
gluten content and gluten ratio were determined using a Glutomatic 2200 instrument and a 
Glutork 2020 drier. The farinograph test was conducted according to the Hungarian standard 
(MSZ 6369/6). 
Results 
The classification of the microenvironments originating from the individual 
agronomic treatments was carried out using principal component analysis. The 
principal component weights are illustrated graphically in Fig. 1. Table 2 
contains the eigenvalues of the individual pnncipal components, together with the 
percentage values of the cumulative eigenvalues. 
Table 2 
Eigenvalues of the principal component variables 
(Marton vásár, 1989-1991) 
Group 
Principal components 
I 
П Ш 
Eigenvalue Cum. X % Eigenvalue Cum. X % Eigenvalue Cum. X % 
Martonvásári 4 9.75 60.9 3.76 84.4 2.14 97.8 
Martonvásári 16 9.24 57.7 3.44 79.2 2.83 96.9 
Marton vásári 17 8.83 55.2 4.75 84.9 1.94 97.0 
The three varieties 24.71 51.5 17.25 87.5 5.43 98.8 
In the scatter diagrams of all the varieties tested, the majority of treatments 
were close to an arc with a radius of r = 1. For Martonvásári 4 and Martonvásári 
16, which have good breadmaking quality, treatment combination No. 6 
(irrigated, 500 kg/ha NPK active agents) was located in the centre of the circle 
near the origin. 
The joint plotting of the three varieties showed that non-irrigated treatments 
of Martonvásári 17 which received 300 kg/ha or more NPK were located between 
the r = 1 arc and the origin. 
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Fig. 1. Values of principal component weights in the various agronomic treatments 
(Martonvásár, 1989 -1991) 
a = Martonvásári 4; b = Martonvásári 16; с = Martonvásári 17; d = the three varieties combined 
(A = agronomic treatments Nos 7, 8, 12 and 13 of Martonvásári 16; В = agronomic treatments 
Nos 13 and 15 of Marton vásári 4). For the codes of the agronomic treatments see Table 1 
Only the first three pnncipal component variables are shown in the table, 
since in all cases only these had eigenvalues in excess of 1. 
The microenvironments created by the combinations of agronomic 
treatments formed distinct groups on the basis of principal component weights. 
With the help of the three variables the various agronomic treatments could be 
divided into three subgroups according to the size and sign of their principal 
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Table 3 
Classification of agronomic treatments for each variety on the basis of 
principal component weights (Martonvásár, 1989-1991) 
Variety Martonvásári 4 Martonvásári 16 Martonvásári 17 
Group с PCW 2 c PCW 2 c PCW 2 
I 16 0.9899 15 0.9985 2 0.9941 
14 0.9865 13 0.9779 3 0.9677 
13 0.9594 16 0.9666 4 0.9095 2+ 
15 0.9234 14 0.9230 9 0.8569 
8 0.6776 3+ 7 0.8835 3+ 10 0.7896 2+ 
12 0.7806 3 - 1 0.6999 2 -
П 1 
-0.9984 3 -0 .9887 16 -0.9253 
4 
-0.9603 4 -0 .9650 12 -0.8992 
3 
-0.8927 2 - 1 -0 .8252 2 - 15 -0.7589 2+ 
2 
-0.8896 2+ 2 -0.8127 3+ 
9 
-0.7924 2 -
11 
-0.7584 2+ 
10 
-0.6839 3+ 
III 12 0.9722 5 0.9086 1 - 13 0.7854 1 -
14 0.7297 1 -
IV 7 
-0.9064 1+ 9 -0 .9362 8 -0.9192 
5 
-0.7381 3 - 10 -0.7619 1+ 7 -0.7412 1 -
6 
-0.6886 1 -
V 6 0.9503 6 0.9460 5 0.6457 2+ 
8 0.6389 2+ 11 0.8619 1+ 
VI 11 
-0.7434 3 -
С = Code of the treatment combination (Table 1); PCW = Principal component weight; 2 = 
Principal component variable containing the second greatest principal component weight and the 
sign of the principal component weight. 
component weights. Within the subgroups the size of the principal component 
weights exceeded the limit at which the values are significant and they all had the 
same sign. The classification of the microenvironments can be seen in Table 
3 .This table contains the principal component weights of the treatments, together 
with the number of the second most significant principal component variable and 
the sign of the principal component weight of the treatments. Différait groupings 
can be observed for different varieties. In examinations on the two varieties with 
good breadmaking quality (Martonvásári 4 and Martonvásári 16), group I 
consisted of the highest nutrient concentrations in the non-irrigated treatment and 
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irrigated treatments receiving maximum or 100 kg less NPK active agents per 
hectare, though this latter could be distinguished from the non-irrigated treatments 
on the basis of the second greatest principal component weight. In several 
treatments the microenvironments could only be classified on the basis of the 
second largest principal component weight. In the case of wheat with good flour 
quality all the poorest treatment combinations (Nos 1, 2 and 3: irrigated, 0-200 
kg NPK/ha) belonged to group П. 
The microenvironment distribution found for the two varieties with good 
breadmaking quality differed from that of Martonvásári 17, which has poorer 
quality. Group I consists of plots with a lower nutrient supply level, ranging from 
0-400 kg/ha NPK active agents under irrigated conditions and 0-100 kg/ha in 
non-irngated blocks. On the basis of the second largest principal component 
weight a distinction can be made within the group, in a positive direction for 
treatments given higher rates of fertilizer and in a negative direction for non-
fertilized plots. As an almost exact opposite of the good quality varieties, the data 
of plots which received high rates of NPK under non-irrigated conditions can be 
characterised by a negative value of the 1st principal component variable. 
Irrigated treatments which received a high level of NPK active agents form an 
easily distinguishable group in the 3rd quadrant. 
Correlation analysis was applied to provide a biological interpretation of the 
effect of principal component weights. The results of the calculation are contained 
in Table 4. The effect of the principal components on quality characters differed 
for the three varieties tested. In the case of Martonvásári 4, the 1st principal 
component influenced five quality traits: thousand grain weight, wet and dry 
gluten content, farinograph water absorption and farinograph index. On the basis 
of correlation coefficients, samples with high thousand grain masses were found 
on the negative side of the axis and breadmaking quality traits on the positive side. 
The 2nd principal component was significantly correlated with the gluten ratio; in 
this case a reduction in the gluten ratio could be observed as the values increased. 
For Martonvásári 16 all the quality traits studied were in closest correlation 
with the 1st principal component. The sign of the correlation coefficient was 
negative for thousand grain weight and positive for the other quality traits. The 
2nd principal component was in significant correlation with the gluten ratio. 
Using correlation analysis it was demonstrated that the principal components had 
a different effect on quality in Martonvásári 17 than in the other two varieties. 
Judging by the opposite sign of the correlation coefficients, as the principal 
component weights of the principal components rose there was a parallel increase 
in the thousand grain weight while the gluten content and farinograph index 
decreased. Due to the effect of the 2nd principal component the gluten ratio 
increased in Martonvásári 17, while the farinograph water absorption dropped. 
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Table 4 
Correlation between quality parameters and principal components 
(Martonvásár, 1990-1992) 
Quality traits Martonvásári 4 Martonvásári 16 Martonvásári 17 
3 varieties 
combined 
Thousand grain 
weight -0.7956*** (I) -0.8630*** (Г) +0.8015*** (Г) +0.8601*** (I) 
Wet gluten content +0.8707*** (I) +0.8507*** (Г) -0.7742*** (Г) -0.8926*** (П) 
Dry gluten content +0.8992*** (I) +0.8203*** (Г) -0.8114*** (Г) -0.8996*** (П) 
Gluten ratio -0.8254*** (П) +0.6725** (Г) 
-0.5270* (П) 
+0.7903*** (П) 
-0.8808*** (I) 
Farinograph water 
absorption 
+0.7194*** (I) 
+0.5182* (Ш 
+0.7199*** (Г) -0.7685*** (П) -0.6999*** (П) 
-0.5787*** (Ш) 
Farinograph index +0.8657*** (I) +0.8791*** (I) -0.8070*** (I) -0.8608*** (П) 
Note: ' ' * = the correlation coefficient values are signfficant at the p = 5, p = 1 and p = 0.1 % levels, 
respectively. The corresponding principal components are in parentheses. ^ 
When the three varieties were examined together, it could be seen from 
Fig. 1 and from the correlation analysis (Table 4) that treatment combinations 
causing extreme quality types were to be found around the unity value of the axes. 
Treatment combinations grouped round the 1st principal component axis in a 
positive direction had high thousand grain weights. This group included the 
principal component weights of low nutrient level treatments for Martonvásári 4 
and of irrigated, high nutrient rate treatments for Martonvásári 17. As the values 
of the 1st principal component decrease, there is a gradual increase in gluten ratio. 
The gluten ratio depended on the genetic background of the variety, thus 
explaining why only principal component weights from samples of Martonvásári 
16 are to be found in the neighbourhood of the - 1 value on the 1st principal 
component axis. 
The joint examination of all the varieties showed that changes in the gluten 
content and farinograph parameters could be explained by the influence of the 2nd 
principal component. Correlation analysis indicated that samples with good 
breadmaking quality were grouped around the - 1 point on the 2nd principal 
component axis. 
In the course of the examinations the principal component weights took up 
positions on the circumference of the r = 1 circle, stressing the importance of the 
1st and 2nd principal component variables. Only for three treatments were the 
principal component weights at smaller distances from the origin. In these cases 
the 3rd principal component was also significant. All these samples originated 
from irrigated plots of Martonvásári 17 treated with high rates of NPK. 
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Discussion 
Principal component analysis was employed to classify agronomic 
treatments on the basis of the breadmaking quality traits of wheat varieties. In the 
course of the examinations differences were found between the varieties as regards 
the effect of the principal components. In the case of varieties with good 
breadmaking quality (Martonvásán 4 and Martonvásári 16) the 1st principal 
component had a positive effect on breadmaking quality, while it had a negative 
influence in the case of Martonvásári 17. By means of a determination of principal 
component weights and their graphic illustration it proved possible to distinguish 
treatments which had an advantageous effect on quality during the production of 
the varieties. Taking into account the quality characters examined, the most 
favourable combination for Martonvásári 4 was ungated production with an NPK 
rate of 500 kg/ha. In this case the value of the 1st principal component was 
positive as a consequence of the favourable gluten content and farinograph index, 
though this point is nearer to the origin, indicating - due to the negative 
correlation between thousand grain weight and the 1st principal component - that 
the thousand grain weight decreased to a lesser extent than in non-irrigated 
production with high rates of NPK. The value of the 2nd principal component is 
close to zero, so the gluten ratio was characteristic of the variety. In this variety 
the 3rd principal component was significantly correlated with farinograph water 
absorption. This quality character had an optimum value in the irngated treatment 
with 500 kg/ha NPK. The gluten content, the farinograph water absorption and 
the farinograph index rose as the result of high nutrient levels in the non-irrigated 
treatment. 
An evaluation of the scatter diagram of the other good quality wheat 
variety, Martonvásán 16, gave results similar to those found for Martonvásán 4 
(Fig. 1). The differences between the two varieties were caused by the fact that in 
non-irngated treatments Martonvásári 16 was of optimum quality with an NPK 
rate as low as 300 kg/ha. Almost identical breadmaking quality was achieved by 
applying nutrient quantities 300 kg/ha greater in irrigated treatments. Treatments 
leading to the best complex quality in Martonvásári 17 were to be found in the 3rd 
quadrant, where the breadmaking value was good compared to the values 
characteristic of the variety and the farinograph water absorption was favourable. 
On the basis of these criteria, irrigated treatments with 500-700 kg/ha NPK were 
required if the breadmaking quality was to be improved. 
Joint plotting of the principal component weights of all treatments for all the 
varieties tested provided a picture of the relative quality values of the varieties. On 
the basis of the combined analysis the samples with the best complex quality were 
located in the lower third of the 2nd quadrant. Proceeding along the arc, the 
individual treatments form a continuous transition depending on the breadmaking 
quality and thousand grain weight. The best breadmaking quality was obtained in 
high NPK rate treatments of Marton vásári 4 and Martonvásári 16. 
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The results of the present investigations suggest that principal component 
analysis is a suitable method for the selection of optimum agronomic treatments 
for quality wheat production. 
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CARBOHYDRATE ALLOCATION IN PHASEOLUS VULGARIS L. 
PLANTS INDUCED BY THE IMPACT OF ACID MIST 
M . MANDRE and J. KLOSEIKO 
INSTITUTE OF ECOLOGY, KEVADE ST. 2, EE-0001 TALLINN, ESTONIA 
(Received: 16 May, 1995; accepted: 7 September, 1995) 
Plants of Phaseolus vulgaris L. were subjected to simulated acid mist treatment 
(pH 2.3, 3.0, 4.5) in the greenhouse. Solutions containing HJSO( and HN03 in a molar 
ratio of 1.5:1 were applied once per day to plants over a period of 21 days, each 
application being 50 ml-m2. As a result of the treatment a marked decrease in starch and 
soluble carbohydrates (42% and 21%, respectively) was detected in the stems of the 
control plants. The hemicellulose content decreased depending on the pH of the 
treatment, being 17, 22 and 24% lower in the leaves, stems and roots, respectively, at 
pH 2.3 than in the control plants. A strong correlation was found between the different 
carbohydrate fractions and the pH of the treatment in the stems and roots; in the leaves 
this was only observed in the case of starch. A decrease in the ratios of carbohydrates to 
nitrogen, sulphur, phosphorus and potassium was recorded in the roots and stems. 
Key words: acid mist, Phaseolus vulgaris L., soluble carbohydrates, starch, 
hemicellulose, nitrogen, sulphur, phosphorus, potassium 
Introduction 
Assimilate mobility and allocation are two of the most important problems 
in understanding plant functioning at the whole organism level, especially from the 
viewpoint of responses to air pollutants and the stress resistance of plants. The 
environmental control of the allocation of reserve and mobile forms of 
photosynthates in plants plays an important role in plant life in general. 
In industrial areas acid rain is one of the principal factors that may cause 
shifts from normal allocation patterns and changes in the assimilate contents of 
plants. There are several essential factors affecting the carbohydrate content in 
plants under the influence of pollution of the acid type. An increase in cuticular 
permeability and disturbances in membrane integnty, thus increasing water loss 
and leading to malfunction of photosynthetic carbon fixation, were found by 
Heath (1980). Most of the reported changes in leaf carbohydrates resulting from 
acid rain are due to an enhancement in respiration and a reduction in 
photosynthesis (Nygren and Hari, 1992). Many authors have observed that 
pollutants affect the conversion and translocation of carbohydrates between 
organelles and cytoplasm, and lead to a decrease in sugar contait due to а 
disturbance in phosphate transport via the phosphate translocator (Hampp and 
Ziegler, 1977). Other ways in which acid liquids cause damage are the leaching of 
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inorganic ions from cells and cell walls, cation exchange reactions between acidic 
solutes and pectic substances, and changes in plant mineral composition 
(Scherbatskoy and Kein, 1983, Mandre and Kloseiko, 1994; 1995). This leads to 
alterations in the pH and buffering capacities of the leaves (Pfanz and Heber, 
1986) and causes structural changes in tissues, cells and organelles (Bäck and 
Huttunen, 1992). The mechanisms responsible for the alterations in the 
carbohydrate metabolism caused by acid rain are not yet totally understood. 
The present study provides a quantitative evaluation of the effects of low 
doses of simulated acid mists at different pH levels on the carbohydrate allocation 
pattern in Phaseolus vulgaris L. 
Materials and methods 
In our experiment plants raised in growth chambers (1 m3) were treated using the 
spraying system Englo with H2S04+HN03 (1.5:1 molar ratio) solutions at different pH levels 
(2.3, 3.0, 4.5) from the beginning of the development of the first trifoliate leaf. The control 
plants were sprayed with distilled water at pH 5.6. The forty-three plants per m in each growth 
chamber were subjected to average simulated acid mists of 50 ml- m -day with a treatment 
frequency of 1 per day. The duration of the experiment was 21 days. The growth substrate of the 
experimental plants was fertilized peat (pH 5.4), which contained mineral elements available to 
the plants in the following concentrations: N 890 mg 100 g"1, P203 50 mg-100 g-1, K20 150 mg • 
100 g Ca 960 mg -100 g ', Mg 90 m^ -100 g 'and microelements Cu 3.0 mg kg Zn 14.0 mg 
•kg , Fe 290 mg -kg" , Mn 24 mg -kg and S 960 mg -kg~ peat. 
During the experiment the plants were kept at a temperature of 22±2 °C with an average 
light intensity of 250-400 pmol • m V (measured with Janishevsky's pyranometer) in the 
daytime, at a relative humidity of 70-80%. 
From the beginning of the experiment the appearance of visible injuries on the leaves 
was registered and at the end the biomass of the plants was determined. 
After 21 days of experimentation the roots, stems and leaves of the plants were 
separated, carefully cleaned and prepared for biochemical analyses. For the measurement of 
mineral elements an average often plants from each growth chamber were used and analysed in 
three replications. The content of the main mineral elements in the plants was detected with an 
atomic absorption analyser AAA-IN, nitrogen was analysed using Kjeldahl's method, 
phosphorus with the molybdenum blue method, and sulphur by the nephelometric method with 
BaCl2. The mineral composition of both plants and soil was analysed in the Estonian State 
Centre of Agricultural Chemistry. 
Combined samples of five plants from each treatment group were collected for 
saccharide content analysis. Leaves, stems and roots, carefully cleaned, were fixed separately in 
boiled ethanol for 3 min. Repeated extraction of soluble sugars was carried out with 80% 
ethanol. The remaining residue after the removal of soluble sugars was used for starch 
determination according to Arasimovitsh and Jermakov (1972) and Ferenbaugh (1976). Sugar 
and starch extracts obtained from dried plant material were treated with anthrone reagent (0.1% 
anthrone in 72% sulphuric acid) to produce blue-green coloration, and the spectrophotometer 
SF-46 was used to determine the absorbance of reacted extracts at 620 nm. Concentrations of 
soluble sugar and starch were read, comparing the sample extracts with standard glucose 
solution curves. The extraction of hemicellulose was carried out with the acid hydrolysis 
method, recommended by Arasimovitsh and Jermakov (1972) and the concentration was 
detected using the anthrone reagent with a spectrophotometer. The analyses were carried out in 
three replications. The correlation matrix of Pearson r and the significance (P) of the correlation 
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between parameters, the regression trendlines, and differences between the investigated 
parameters for control and acid-treated plants (two-sided t-test) were calculated using the 
package STATGRAPHICS and MS EXCEL 5.0. 
Results and discussion 
Various effects of acidic types of air pollution have been reported in the 
literature. Some works have shown that several kinds of environmental stresses 
increase the content of soluble carbohydrates in plants. At the same time the 
content of polysaccharides decreases, presumably due to the enhancement of the 
activity of polysacchande-degrading enzymes (Koziol, 1984; Malhotra and Khan, 
1984; Kolupaev and Trunova, 1992). Some plants respond to air pollutants by 
retaining more free carbohydrates in their leaves. This takes place at the expense 
of storage carbohydrate synthesis (Treshow, 1984). There are data that acid rain 
treatment decreases the concentration of soluble sugars and starch in plants 
(Ferenbaugh, 1976). 
The acidic deposition investigated in the present experiment causes injuries 
(Fig. 1) and results in significant differences in carbohydrate content and 
allocation in Phaseolus vulgaris L. plants (Table 1), although the trends for 
different carbohydrate fractions and their distribution between the plant organs are 
not the same. In plants treated with acid mist at different pH levels, the greatest 
changes were found in the starch and soluble carbohydrate concentrations. The 
decrease in starch concentration in leaves treated with acid mist may be caused by 
the stimulation of respiration associated with the observed inhibition of 
photosynthesis (Pfanz and Heber, 1986; Nygren and Hari, 1992), by changes in 
the mineral nutrient content participating in the carbohydrate metabolism or by 
alterations in the enzyme kinetics (Levitt, 1972; Malhotra and Khan, 1984; 
Kolupaev and Trunova, 1992). 
pH 2.3 
pH 3.0 
pH 4.5 
pH 5.6 
Days of experiment 
Fig. 1. Percentage of Phaseolus vulgaris L. plants with necrotic lesions 
after treatment with acid mist with different pH values (n = 43) 
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Table 1 
Carbohydrates in Phaseolus vulgaris L. under the influence of acid mist, the correlation 
coefficient (r) between carbohydrate content and treatment pH and their significance (P) 
Organs Carbohydrates (% of dry mass) SC/ST 
Soluble (SC) Starch (ST) Hemicellulose 
Leaves 
pH 5.6 (control) 4.5 16.8 19.2 0.27 
pH 4.5 3.0* 13.8* 15.6* 0.22* 
рНЗ.О 2.8* 12.8* 16.0* 0.22* 
pH 2.3 4.1 12.6* 16.0* 0.33* 
г 
- 0.92 - -
P - <0.01 - -
Stems 
pH 5.6 (control) 9.5 8.3 9.2 1.14 
pH 4.5 8.5* 6.0** 8.3* 1 42** 
рНЗ.О 8.1* 4.9* 7.4* 1.65* 
pH 2.3 7.5* 4.8** 7.2* 1.56** 
г 0.97 0.95 0.97 0.92 
P <0.001 <0.001 <0.001 <0.01 
Roots 
pH 5.6 (control) 2.3 1.9 2.1 1.21 
pH 4.5 2.0 1.5* 1.8** 1.33 
рНЗ.О 1.5* 1.5* j y*** 1.00* 
pH 2.3 2.0 1.7* 1.6*** 1.43* 
г 
- 0.87 0.90 0.96 
P 
-
<0.05 <0.01 <0.001 
Significance of difference between acid mist treatment mean and control mean determined by 
two-sided t-test: *P<0.05, **P<0.01, ***P<0.001. 
Changes in the starch content in the leaves of bean plants were significantly 
correlated with the pH of the acid mist treatment (Table 1). The decrease in the 
starch content in leaves causes a whole-plant adjustment that leads to lower 
carbon acquisiton under the new prevailing conditions. 
The plant roots depend on the assimilates translocated from stems and 
leaves. There is evidence that in the case of S02 reaching the foliage or of acid 
rain containing S04~ , it is possible that some sulphites may be translocated to 
root tissues and alter the carbohydrate metabolism of the roots (Kozlowski et al., 
1991). Changes in the carbohydrate concentration of the roots of our experimental 
plants under the impact of acid mist are more likely to be caused by the 
availability of assimilates from the leaves than by the sulphite-induced effects of 
polysacchande hydrolysis. The results of investigations on the carbohydrate 
content of the roots showed a tendency for the starch content to decrease, followed 
by changes in the content of soluble carbohydrates in the leaves on the treatment 
pH gradient (Table 1). The starch and hemicellulose contents in Phaseoliis 
vulgaris L. roots are in correlation with the pH of the acid mist treatment and 
Acta Agronomica Hungarica 44, 1996 
CARBOHYDRATE ALLOCATION IN PHASEOLUS VULRGAR1S L. 15 
reveal statistical differences from the control. As to the stems, the most noticeable 
phenomenon was the reduction in carbohydrate concentration at pH 2.3. The 
correlation with the pH of the treatment was found to be remarkable (Table 1). 
The ratio of soluble carbohydrates as compared to starch (SC/ST) 
increased in all the plant organs in the case of pH 2.3 acid mist treatment, being 
22% higher in the leaves, 37% higher in the stems, and 18% higher in the roots 
than in the control plants. The trends in other variants of treatment pH are not 
entirely clear. The SC/ST ratio was in correlation with the treatment pH in the 
roots and stems, but not in the leaves (Tables 1 and 2). 
Table 2 
Correlation coefficients (r) and their significance (P) between the carbohydrate content and 
nitrogen and sulphur concentrations in Phaseolus vulgaris L. treated with acid mist 
Carbohydrates Leaves Stems Roots 
N S N S N S 
Soluble _ _ 
Г : = -0.91 r = —0.97 _ _ 
carbohydrates - - P <0.05 P < 0.001 - -
Starch r : = -0.90 r : = -0.83 r : = -89 г = -0.99 Г : = -0.87 r = -0.89 
P <0.01 P <0.01 p <0.05 P < 0.001 P <0.05 P<0.01 
Hemicellulose r : = -0.92 - Г : = -0.81 r = -0.98 
Г : = -0.86 r = -0.91 
p <0.01 - p <0.05 P < 0.001 P <0.05 P<0.01 
SC/ST — X = 0.86 - r = 0.96 - r = 0.76 
-
p <0.05 
-
P < 0.001 
-
P < 0.05 
Acid rain-stressed plants often exhibit damage to the ultrastructure (Nygren 
and Hari, 1992) combined with changes in the nutrient composition and anion-
cation disbalance due to nutrient leaching from the leaves and to the hindenng of 
uptake or translocation in the organism (Wood and Bormann, 1974; Evans et al., 
1981; Scherbatskoy and Klein, 1983; Evans et al., 1986; Mandre and Kloseiko, 
1994, 1995). Numerous studies have also demonstrated a strong dependence of 
net photosynthesis and the biosynthesis of assimilates on the foliar nutrient level 
in leaves exposed to acid rain (Longstreth and Nobel, 1980; Mooney et al., 1981, 
Evans et al., 1981; Neufeld et al., 1985). Consequently, the content and pattern of 
allocation of carbohydrates must be considerably influenced by the availability of 
the mineral elements especially required in the carbohydrate metabolism 
Potassium, phosphorus and nitrogen are known to play an important role in the 
carbohydrate metabolism, the translocation of photosynthates and respiration 
processes in plants, and changes in the amount of these elements may be 
especially critical for the functioning of acid-treated plants (Rains, 1976; Lorenc-
Plucinska, 1986; Holopainen and Nygren, 1989). In the present study a significant 
correlation was found between the carbohydrate content and changes in the 
nitrogen and sulphur concentration in different plant organs connected with the 
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acid mist treatment (Table 2). Supported by the importance of the relationship 
between carbohydrates and mineral nutnents in plants, the ratios between 
measured carbohydrates (CH) and nitrogen, potassium, phosphorus and sulphur 
were estimated in our study and the dependence of changes m CH/K, CH/N and 
CH/P levels on the pH of the acid treatment was investigated (Table 3). Lorenc-
Plucinska (1986) stresses that S02 causes essential disorders in the assimilate 
translocation of plants, which is supported by the present expenments with acid 
mist containing the essential level of S042". Treatment with acid mist at pH 2.3 
decreased the carbohydrate and sulphur ratio in all bean plant organs by about 
50%. Reductions in the investigated ratios due to mists with low pH were most 
evident in the roots and stems, and to a lesser extent in the leaves (Table 3). With 
respect to the marked correlations between carbohydrate and mineral element 
amounts on the pH gradient of acid mist treatment, an attempt has been made to 
stress the importance of understanding the dependence of plant carbohydrate 
allocation on the availability of nutrients under the conditions of air pollution. 
Table 3 
Influence of acid mist on the level of carbohydrate (CH) and mineral nutrient ratios 
in Phaseolus vulgaris L. organs, and correlation coefficients (r) between the ratios 
of carbohydrates to mineral elements and treatment pH 
Organs Treatment 
СНУК 
CH/N CH/S CH/P 
Leaves pH 5.6 11.4 15.0 278.1* 182.4 
pH 4.5 8.5* 10.6* 216.3 135.2* 
рНЗ.О 8.9* 9.9* 198.1 130.4* 
pH 2.3 10.8 10.1* 141.2** 118.3** 
г 
- 0.85 0.95 0.90 
P - <0.005 <0.005 <0.05 
Stems pH 5.6 7.2 24.8 147.6 203.1 
pH 4.5 5.5* 16.4** 91.4* 140.2* 
рНЗ.О 5.3* 13.8*** 74 1** 119.2* 
pH 2.3 4.8* 12.8*** 69.1** 109.4** 
г 0.93 0.93 0.92 0.94 
P <0.05 <0.01 <0.05 <0.01 
Roots pH 5.6 2.2 3.5 16.1 46.3 
pH 4.5 2.0* 2.6* 12.6* 36.2** 
рНЗ.О 1.5* 2.2* 10.8* 25.4** 
pH 2.3 1.4* 2.3** g g*** 26.2** 
г 0.99 0.90 0.97 0.97 
P <0.001 <0.05 <0.005 <0.005 
See the note to Table 1. 
Finally, since plant biomass formation depends on the sufficiency of 
carbohydrates according to the requirements of the leaf, the changes in 
translocation and in assimilate allocation as macroscopic manifestations of carbon 
flow are disrupted by the influence of acid treatment. The strongest relationship 
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between fresh mass and carbohydrate contait was revealed in the roots in the 
present experiment (Fig. 2). The trend towards higher shoot/root biomass ratios to 
about 50-57% of the control, coupled with a reduction in the dry and fresh mass 
of the roots, could be one of the verifications of disturbed biomass and assimilate 
allocation in bean plants treated with acid mist at pH 2.3 (Mandre and Kloseiko, 
1995). 
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Fig. 2. Regression trendlines showing the relations of fresh mass to total carbohydrate content 
in organs of Phaseolus vulgaris L. plants under the influence of acid mist with different pH 
values 
To a certain degree the plants may be able to retain their basic allocation 
pattern in response to the impact of air pollution, but noticeable changes were 
observed in plant carbohydrate content and its relationship to mineral nutrients 
during acid mist treatment, which may lead to various complications in the plant 
organism in general. 
In addition, there is a need to evaluate the effects of acidic precipitation on 
the nutnent and metabolite transport within the organism and to assess their 
recycling processes in plants, in order to understand the underlying mechanisms of 
the allocation processes of assimilates. 
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EFFECT OF LEAD ON WATER RELATIONS, 
PROLINE CONCENTRATION AND NITRATE REDUCTASE 
ACTIVITY IN SUNFLOWER PLANTS 
R. KASTORI, N. PETROVIC and M. PETROVIC 
FACULTY OF AGRICULTURE, UNIVERSITY OF NOVI SAD, NOVI SAD, YUGOSLAVIA 
(Received: 1 November, 1993; accepted: 7 September, 1995) 
The effect of different concentrations of lead (control, 10 8, 10 , 10 6, 10 10 * 
and 10 M Pb) on the water relations, proline concentration and nitrate reductase 
activity in young sunflower plants (Helianthus annus L.) was studied in a water culture 
under greenhouse conditions. The results obtained indicate that: 
- high lead concentrations significantly decreased the mass of above-ground parts 
and roots, leaf area, transpiration intensity, relative water content and nitrate reductase 
activity; 
-at the same time, however, high lead concentrations significantly increased the 
concentration of free proline, the stem xylem potential and diffusive resistance. 
It was concluded that excess concentrations of lead significantly affected plant 
water status, causing a water deficit and subsequent changes in the plants. 
Key words: diffusive resistance, lead concentration, leaf area, nitrate reductase 
activity, plant mass, proline, relative water content, stem xylem potential, transpiration 
intensity 
Introduction 
The fact that soil and plants are contaminated by lead from dust, car 
exhausts, gases from industnal sources, etc., has caused anxiety for many years. 
Lead is not known to be essential for higher plants. At low concentration, lead is 
not toxic to plants, but in some ecological conditions it may be accumulated to a 
level which is toxic to animals in the food chain. At excess concentration, lead is 
toxic to plants and causes root inhibition, stem elongation and leaf expansion 
(Mukherji and Maitra, 1976, Lane and Martin, 1980). Toxic lead concentrations 
depress the intensity of photosynthesis (Carlson et al., 1975), lamellar 
organization in the chloroplasts (Rebechini and Hanzley, 1974), chlorophyll 
production and etioplast development (Wrischer and Meglaj, 1980). Lead also 
inhibits the activity of enzymes in the reductive pentose phosphate pathway 
(Hamp et al., 1973), mitochondrial electron transport (Bittel et al., 1976) and 
cytokinesis (Wierzbicka, 1989). 
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Excess lead concentration causes multiple effects on practically all 
physiological processes in plants, making it difficult to distinguish between the 
pnmary effects and the secondary changes. Up to now, greater attention has been 
paid to the effect of heavy metal stress on mineral nutrition and photosynthesis 
than to water relations in plants (Barceló and Poschenneder, 1990). The aim of 
this investigation was to establish the effect of various concentrations of lead on 
water relations in sunflower plants. 
Materials and methods 
Plant material and culture conditions 
Intact sunflower plants as well as leaf and root segments of the sunflower hybrid NS-Hy-
101 were used in the study. After germination on vermiculite, the seedlings were transferred to 
1/2 Hoagland's liquid nutrient medium which contained, besides macroelements, the following 
mole concentrations of micronutrients: 23.1 B, 4.6 Mn, 0.38 Zn, 0.16 Cu, 0.052 Mo and 8.95 Fe 
in the form of Fe <1Ш EDTA. The plants were grown in this nutrient medium for seven days, i.e. 
to the one-pair leaf stage. After that, the plants were grown alternately (24 h) in the same 
nutrient solution and in solution containing different lead concentrations for ten days: control, 
10 1 0 \ 10 6, 10 10 ' and 10 3 M Pb. Lead was applied as Pb (N03)2 
Plant analysis 
The second pair of leaves was used for all analyses, except for transpiration intensity, 
which was examined on the intact plants. 
The mass of the above-ground plant parts and roots was determined after drying the plant 
material to constant mass at 105 °C. 
To determine the relative water content (RWC), 1 g leaf discs (1 cm in diameter) were 
weighed and floated on distilled water for 4 h at 25 °C. The discs were blotted dry and weighed 
prior to oven drying at 80 °C for 24 h. The RWC was calculated as follows (Barrs and 
Weatherley, 1962): RWC = (Fresh weight - Dry weight) / (Turgid weight - Dry weight) x 100. 
Transpiration intensity was determined gravimetrically at 25 °C in a greenhouse, from 9 
AM to 1 PM. The measurements were replicated four times, with eight plants per replication. 
Diffusive resistance was assessed with a diffusive resistance meter (model LI-COR 60, Lambda 
Instruments Corporation, Lincoln, Nebraska, USA). 
Xylem potential was determined on a stem section 2 cm distant from the root collar with 
a Plant Water Status Console (model 3005, Santa Barbara, CA. USA). 
Leaf area was determined with a photoelectric leaf area meter (LICOR 300, Lambda 
Instruments Coiporation, Lincoln, Nebraska, USA). 
Nitrate reductase activity (NRA) was determined in leaf and root segments by an in vivo 
method. The activity was determined in phosphate buffer pH 7.4 containing 0.25 M KNO3 by 
applying sulphanilamide (1.0 g/100 m! in 1.5 M HCl) and N-(l-naphthyl)-ethylenediamine 
dihydrochloride (0.1 g in 100 ml of water). Spectrophotometry readings were made at 540 nm. 
The NRA was calculated in pmole N02~/gFW/h. 
The concentration of total free proline was determined in fresh plant matter after 
extraction with 3% sulphosalicylic acid and colouring with acid ninhydrin reagent in the 
presence of glacial acetic acid. Spectrophotometry readings were made at 520 nm (Bates et al., 
1973). 
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Results and discussion 
High lead concentrations decreased the mass of the plants; the mass of the 
roots decreased more than the mass of above-ground parts (Fig. 1). The relation 
between the mass of above-ground parts and roots was 2.9 in the control and 4.8 
m plants grown with the highest added lead concentration. Heavy metals, 
especially poorly mobile ones such as lead, accumulate in the roots first of all, 
causing a significant decrease in root cell division and elongation and in root hair 
density, and consequently in root mass (Lane et al., 1978). 
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Fig. 1. Effect of different lead concentrations on dry matter mass 
of young sunflower plants 
60 
50 
40 • -
I 30 • -
Q. E 
о 
20 
10 T -
H — - 4 
LSD 1% 
0 10' 10" 10" 10" 10" 10" MPb 
Fig. 2. Effect of different lead concentrations on leaf area of young sunflower plants 
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Fig. 3. Diffusive resistance in young sunflower plants grown under different lead 
concentrations 
Excess lead concentrations significantly decreased the leaf area of young 
sunflower plants (Fig. 2). The inhibitory effect of lead on leaf expansion was 
found by Lane and Martin (1980). It is supposed that the inhibitory effect of lead 
on growth may arise from the lead-induced stimulation of IAA oxidation and from 
the interference of lead with auxin-regulated cell elongation (Mukherji and 
Maitra, 1977). 
The results obtained show that high lead concentrations increase diffusive 
resistance (Fig. 3) and decrease transpiration intensity (Fig. 4). This confirms the 
results of Bazzaz et al. (1974), who found that lead inhibited the gas exchange in 
sunflower. Many authors found a significant increase in diffusive resistance in 
different plant species exposed to toxic heavy metal concentrations (Barceló and 
Poschenrieder, 1990). Decreased transpiration and increased diffusive resistance 
are induced by direct lead interaction with guard cells, and reduced water uptake 
and transport into the leaves by the presence of high lead concentrations. 
70 
60 
50 
. c 
4 0 
о 
о 
g 30 
о 
x" 
га 20 
10 
0 
Fig. 4. Transpiration intensity in young sunflower plants, as affected by different lead 
concentrations 
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At the same time, the relative water content decreased (Fig. 5) and the stem 
xylem potential increased (Fig. 6), particularly in plants treated with high 
concentrations of lead. Under conditions of low transpiration, the decreased 
relative water content also indicates that an excess concentration of lead obstructs 
normal water provision to the above-ground plant parts. Decreased water content 
in plants grown in solutions containing toxic levels of lead has also been observed 
by Lane and Martin (1980). 
Proline is accumulated by many plants under stress conditions (Goring, 
1979). The reasons for proline accumulation under stress conditions have not 
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Fig. 6. Effect of different lead concentrations on stem xylem potential 
in young sunflower plants 
LSD 1% 
10 10 10 1 0 " 10 10 MPb 
Fig. 5. Relative water concentration in young sunflower plants 
grown under different lead concentrations 
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Fig. 7. Effect of different lead concentrations on free proline content in young sunflower plants 
been explained sufficiently. It results perhaps from several biochemical processes: 
decreased synthesis and increased protein hydrolysis, proline biosynthesis 
activation and inhibition of its oxidation. It is considered that the accumulated 
proline participates in cell osmotic regulation, stabilizes enzymes and proteins and 
accumulates energy and nitrogen for the post-stress period (Stewart et al., 1977; 
Pal eg et al., 1981). According to the results in Fig. 7, it can be concluded that the 
proline content increased significantly in plants grown on solutions containing 
toxic levels of lead, with a greater increase in the leaves than in the roots. The 
proline content was increased by a water deficit, which occurred under the 
conditions of high lead concentration, and directly by lead, as was indicated in a 
previous study (Kaston et al., 1992). Under the influence of water stress, the 
condition of the bicolloids in the cells changes, and the fine structure of the 
protoplasm is disordered, as is the enzyme activity, including the 
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Fig. 8. Nitrate reductase activity in young sunflower plants as affected by different lead 
concentrations 
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NRA (Srivastava, 1980; Petrovic et al., 1987a). These observations are consistent 
with the present study. Decreased relative water content in plants exposed to toxic 
lead concentrations was followed by a significant inhibition of NRA in both the 
leaves and the roots (Fig. 8). It is considered that low lead concentrations (Ю -^, 
Ю
- 4
 M) indirectly affect the NR and NiR activity by producing water stress and 
reducing nitrate uptake, whereas the direct influence of lead on the proteins of NR 
was noticeable at high concentrations (10 -3 M) (Burzynski and Grabowski, 
1984). The effect of individual heavy metals on NRA differs (Petrovic et al., 
1987b). The most unfavourable effect on NRA was exhibited by Hg, followed by 
Cd and Pb. Fe had the lowest effect of all. 
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LONG-TERM IMPACT OF FERTILIZERS 
ON THE RELATIONSHIP OF INORGANIC FORMS 
OF PHOSPHORUS WITH ITS AVAILABILITY AND UPTAKE 
BY RICE IN A HAPLUDOLL SOIL 
S. P. GANGWAR andNAND RAM 
DEPARTMENT OF SOIL SCIENCE, G.B. PANT UNIVERSITY OF AGRICULTURE AND TECHNOLOGY, 
PANTNAGAR 263145, INDIA 
(Received: 30 August, 1994; accepted: 19 September, 1995) 
The effects of fertilizers used continuously for 20 years in a hapludoll soil on the 
inorganic forms and availability of phosphorus were evaluated. Ranges of 1.74-5.91, 
27.57-66.56, 47.57-98.22, 71.58-95.00 and 133.27-157.34 mg kg 1 were obtained for 
saloid-, AI-, Fe-, reductant soluble (Rs)-and Ca-P, respectively, revealing the order of 
relative abundance: Ca-P > Rs-P > Fe-P > Al-P > saloid-P. 
The addition of N alone had no influence, while an increase of 108, 81, 51, 21 and 
18% in saloid-, Al-Fe-, Rs- and Ca-P, respectively, was noted by using NP compared 
with N. The inclusion of either К with NP or farmyard manure with NPK had no impact. 
The continuous cropping of rice-wheat-cowpea for two decades without fertilizers 
reduced the initial status of Olsen's P by 60%, but the use of NPK + farmyard manure 
replenished it by 68%. Various inorganic forms of P had a significant positive relationship 
with Olsen's P (r = 0.628*-0.881**) and the P uptake by rice (r = 0.744**-0.822**). 
Key words: continuous cropping, fertilizers, hapludoll soil, inorganic forms, P 
availability, P uptake by rice 
Introduction 
Inorganic forms of soil phosphorus (P) contribute in varying magnitudes 
towards its availability to plants. The relative availability of these fractions governs 
the replenishment of the available pool on its depletion (Singhania and Goswami, 
1979). An understanding of the relationship of différait inorganic forms of P with 
its availability and plant uptake under intensive cropping has become essential. 
Therefore, the present study was undertaken in a long-term fertilizer experiment at 
Pantnagar, started in 1971 with a rice-wheat-cowpea crop sequence, to evaluate 
the fate of applied P on the inorganic forms of P, namely saloid-, AI-, Fe-, 
reductant soluble (Rs)- and Ca-P, and to establish their relationship with available 
P and the uptake of P by псе (Oryza sativa). 
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Materials and methods 
Surface soil samples were collected from the permanent field of the All India Coordinated 
Research Project on Long-Term Fertilizer Experiments at Pantnagar after 20 years of continuous 
cropping of rice-wheat-cowpea. This field experiment is situated in the foothills of the Himalayas 
(latitude - 29°N, longitude - 79.3°E) in northern India, having a humid subtropical climate. The 
experimental soil was classified as an aquic hapludoll (Deshpande et al., 1971), having a silty clay 
loam texture dominated by chlorite and illite clay minerals. The initial characteristics of the 
experimental soil were pH - 7.3, electrical conductivity - 0.35 dSnf1, cation exchange capacity -
20 с mol(p+) kg"1, clay - 26%, organic carbon - 1.48%, CaCo3 - 1.16%, total P - 0.06% and 
Olsen's P - 18 kg ha"1. 
In this study, the following treatments, quadruplicated in a randomized block design, were 
selected: 
Treatment code Treatment 
Control Cropping without fertilizers or manure 
100% N Cropping with optimal N fertilizer alone 
100% NP Cropping with optimal N and P fertilizers 
100% NPK Cropping with optimal N, P and К fertilizers 
100% NPK + FYM Cropping with optimal NPK fertilizers and 
farmyard manure 
50% NPK Cropping with suboptimal NPK fertilizers 
150% NPK Cropping with superoptimal NPK fertilizers. 
At optimal NPK fertilizer input (100% NPK), the levels of N, P and К were 120, 26 and 
33 kg ha"1, respectively, added only to rice and wheat, separately. The sources of N, P and К were 
urea, single superphosphate and muriate of potash, respectively. Farmyard manure (FYM) was 
applied at the rate of 15 t ha 1 once a year. 
For the fractionation of the different inorganic forms of soil P, the procedure of Peterson 
and Core (1966) was adopted. Olsen's P was extracted with NaHCOj as the index of P availability 
in the soil (Olsen et al., 1954). 
The grain and straw yields of rice cv. Manhar were recorded. The concentration of P in the 
grain and straw of rice was determined by the molybdo-vanadate method (Jackson, 1973), 
making it possible to compute the total P uptake by rice. The relationships of various inorganic 
forms of P with Olsen's P, rice grain yield and total P uptake by rice were established. 
Results and discussion 
Inorganic forms of P 
As a result of 20 years of continuous fertilizer use in a rice-wheat-cowpea 
system, the concentration of inorganic forms of P varied, between 1.74-5.91, 
27.57-66.56, 47.57-98.22, 71.58-95.00 and 133.27-157.3^ mg kg 1 for saloid-
A1-, Fe-, Rs- and Ca-P, respectively (Table 1). The relative abundance of the 
inorganic forms followed the order: 
Ca-P > Rs-P > Fe-P > Al-P > saloid-P. 
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Table 1 
Effect of the continuous use of fertilizers on inorganic P forms and Olsen's P (mg kg ') 
Treatments Inorganic forms of P Olsen's 
P 
Saloid-P Al-P Fe-P Rs-P Ca-P 
Control 1.74 25.57 47.57 71.82 134.84 3.27 
100% N 2.02 29.06 52.28 71.58 133.27 3.88 
100% NP 4.20 52.65 79.31 86.60 157.00 8.80 
100% NPK 4.24 56.44 75.33 87.09 155.01 8.96 
100% NPK+FYM 4.34 55.04 75.05 85.06 153.97 13.54 
50% NPK 2.51 43.74 57.37 81.14 140.25 7.52 
150% NPK 5.91 66.56 98.22 95.00 157.34 14.62 
LSD5% 1.29 6.93 4.78 9.98 4.56 1.40 
The dominance of Ca-P in the mollisols is attributed to their genesis from 
calcareous alluvium and the alkaline nature of the soils, together with the high Ca 
saturation of the exchange complex (Deshpande et al., 1971; Tripathi et al., 1970). 
The relatively high content of Rs-P may be due to the transformation of 
crystalline Fe to amorphous Fe as a consequence of soil organic matter 
decomposition (Singh and Omanwar, 1987). This leads to an increase in Fe-P and 
to the reverse occlusion of P, enhancing Rs-P (Sah and Mikkelsen, 1986). The 
reduction of hydrated Fe(OH)3 to Fe(OH)2 under flooded rice may also 
have released part of the Rs-P (Patrick and Mikkelsen, 1971). The lowest 
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concentration of saloid P is ascribed to the high P-fixing capacity of such soils 
(Khanna and Datta, 1968). 
The addition of 100% N alone had no significant effect, but when P was 
applied in the 100% NP treatment an increase of 108, 81, 51, 21 and 18% was 
noticed over N alone for saloid-, AI-, Fe-, Rs- and Ca-P, respectively. This might 
be due to the transformation of added P fertilizer into various forms of inorganic P 
following the principle of solubility products (Nad and Goswami, 1984). Further, 
the inclusion of either К with NP (100% NPK) or farmyard manure with NPK 
(100% NPK + FYM) had no impact on the concentration of inorganic forms of P. 
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Fig. 2. Changes in the Olsen's P (kg/ha) over the years 
A successive increase in the levels of NPK raised the concentration of all the 
inorganic forms of P. It is evident that the magnitude of this increase was maximum 
for saloid-P, followed by Al- and Fe-P (Fig. 1). Compared to the control, the 
concentration of saloid-P rose by 44, 144 and 240% and that of Al-P by 58, 105 
and 141% at 50, 100 and 150% NPK fertilizer inputs, respectively. The relative 
change in Rs-P and Ca-P was marginal, being only 17 and 32%, respectively, at 
the highest NPK input; this may be owing to the relatively larger amounts of these 
fractions (Table 1). 
Availability of P 
The initial level of Olsen's P at the time of the start of this long-term fertilizer 
experiment in 1971 was 8.03 mg kg"1 and after 20 years of intensive cropping in a 
nce-wheat-cowpea system, its status ranged from 3.27 to 14.62 mg kg"1 (Table 
1). Continuous cropping without any fertilizer use and with 100% N alone led to a 
decline of 60 and 52%, respectively, in the initial level of available P. However, the 
initial level was approximately maintained by adding either 50% NPK or 100% 
NP, and was replenished appreciably to the extent of 68 and 82% by using 100% 
NPK + FYM and 150% NPK, respectively. This is attributed to the low efficiency 
of fertilizer P and to the mineralization of organic P (Bajwa and Paul, 1978). 
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Table 2 
Values of correlation coefficients (r) between P fractions, Olsen's P and plant parameters 
Independent variables 
Olsen's P 
Dependent variables 
Rice grain yield Total P uptake by rice 
Saloid-P 0.767" 0.555NS 0.744" 
Al-P 0.881" 0.640* 0.822** 
Fe-P 0.844" 0.541NS 0.748** 
Rs-P 0.699* 0.896" 0.753** 
Ca-P 0.628* 0.561ns 0.580NS 
Olsen's P 
-
0.615* 0.792ß" 
* and ** = significant at Po.oj and Po oi. respectively 
NS = non-significant 
The increase in P availability due to farmyard manure may be due to both 
the solubilizing effect of CO2 and the action of chelates produced by microbial 
decomposition (Hesse, 1984), which may have inhibited P fixation by Al and Fe 
and even solubilized already fixed P (Stevenson, 1967). 
A successive increase in the NPK inputs enhanced Olsen's P considerably 
over the control and more than 3-fold replenishment was observed at the highest 
NPK input (Fig. 1). Changes in the soil P availability over the years (Fig. 2) 
revealed that the omission of P in the fertilizer schedule lowered the status of 
Olsen's P. The initial level of 18 kg P ha"1 declined to 7.5 and 8.8 kg P ha"1 in the 
control and 100% N treatment, respectively. By adding either 100% NP or 100% 
NPK, it remained almost constant; the integrated use of 100% NPK + FYM led to 
a considerable build-up of 12.3 kg P ha"1 at the end of the 20th annual cropping 
cycle. This is due to the fact that in addition to being a source, farmyard manure 
also promotes the release of native soil P (Nand Ram, 1995). 
Correlation studies 
Relationships were computed between inorganic forms of P and Olsen's P, 
rice grain yield and total P uptake by rice (Table 2). All the inorganic forms of P 
had a significant positive relation with Olsen's P, being maximum for Al-P (r = 
0.881**), followed by Fe-P (r = 0.844**), indicating the relatively greater 
contnbution of these fractions towards available P (Verma et al., 1991). 
Reductant soluble-P (r = 0.896**), Al-P (r = 0.640*) and Olsen's P (r = 
0.615*) were positively correlated with the grain yield of rice. Barring Ca-P, all 
other inorganic forms of P (r = 0.744**-0.822**) and Olsen's P (r = 0.792**) 
showed a positive relationship with the total P uptake by rice. These observations 
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suggested that the inorganic forms of P, as well as Olsen's P, may contribute 
significantly to the grain yield and P uptake office. 
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AMELIORATION OF ZINC STRESS BY FARMYARD 
MANURE IN A RICE-WHEAT-COWPEA SYSTEM 
NANDRAM 
DEPARTMENT OF SOIL SCIENCE G.B. PANT UNIVERSITY OF AGRICULTURE AND 
TECHNOLOGY, PANTNAGAR 263145, INDIA 
(Received: 9 February, 1994; accepted: 29 August, 1995) 
Zinc and farmyard manure (FYM) were compared for 5 years in a long-term 
fertilizer experiment to ameliorate the Zn stress in a rice-wheat-cowpea system. 
Continuous cropping without any fertilizer use showed a declining trend in rice and 
wheat yields. The addition of Zn and FYM along with 100% NPK enhanced the mean 
grain yield of rice by 12 and 14 per cent and that of wheat by 13 and 16 per cent, 
respectively, compared with 100% NPK alone. A zinc deficiency disease in rice known 
as khaira, was prevalent in the control and 100% NPK treatment, but disappeared after 
the addition of either Zn or FYM. The application of Zn and FYM along with 100% 
NPK resulted in a large removal of Zn from the soil. A replenishment of 0.67 and 0.35 
mg kg ' in terms of DTPA-extractable Zn was observed for Zn and FYM, respectively, 
compared with 100% NPK alone. The results revealed FYM to be an effective 
améliorant of Zn disorder. 
Key words: farmyard manure (FYM), long-term fertilizer experiment, rice-
wheat—cowpea, Zn stress 
Introduction 
Rice-wheat is the most common cropping system in north Indian states 
(Nand Ram, 1992) where 45-65% of the soils are Zn-deficient and marked 
responses to Zn fertilization have been reported in several crops (Takkar et al., 
1989). The approach to fertilizer use in a cropping system is quite rational, but 
needs a greater scientific footing based on long-term fertilizer experiments. 
Therefore, in the present study, an attempt has been made to compare the 
effectiveness of farmyard manure (FYM) with ZnS04 to control the Zn disorder 
in a long-term fertilizer experiment at Pantnagar with a rice-wheat-cowpea 
sequence. 
Materials and methods 
The long-term fertilizer experiment started in 1971 with a rice - wheat - cowpea 
sequence is situated at Pantnagar (latitude - 29°N, longitude - 79°3'E) in the foothills of the 
Himalayas in northern India, having a humid subtropical climate. The experimental soil is silty 
clay loam under aquic hapludoll (Deshpande et al., 1971), rich in organic matter, with a 
slightly alkaline pH and dominated by chloride and lllite minerals. 
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The four treatments in this permanent field experiment selected for the present study 
were the control, 100% NPK, 100% NPK+Zn and 100% NPK+FYM quadruplicated in a 
randomized block design. At 100% NPK (optimal fertilizer dose) N, P and К were added only 
to rice and wheat at rates of 120, 26 and 33 kg ha-1, respectively, in the form of urea, single 
superphosphate and murate of potash. In the 100% NPK+Zn and 100% NPK+FYM treatments 
ZnS04.7 H20 (foliar spray till 1989 and later on soil application at 50 kg ha when the soil 
became Zn deficient) and FYM (15 t ha-1 once a year) were applied along with 100% NPK. In 
the control no fertilizer was used. 
The grain and straw yields of rice cv. Manhar and wheat cv. HD 2329, and the dry 
fodder yield of cowpea cv. К 1552 were recorded for 5 years (1987-92). Following dry ashing 
(Cottenie, 1980), plant samples were analysed for Zn by atomic absorption spectrophotometry 
(AAS) to compute Zn uptake. Surface soil samples were analysed for DTPA-extractable Zn 
(Lindsay and Norvell, 1969) in 1987 and 1992. 
Results and discussion 
Symptoms of Zn stress 
In the control and 100% NPK plots, where Zn was not applied, the 
symptoms of Zn stress were noticed in nee as tiny brown spots on the leaf blades 
near the midrib, taking on a reddish brown to scorched appearance as growth 
progressed. These symptoms were attributed to the incidence of the Zn 
deficiency disease called khaira in rice (Nene, 1968). The growth of khaira-
affected plants was stunted and uneven. In the 100% NPK+Zn and 100% 
NPK+FYM treatments, the symptoms of khaira disorder were not visible at all. 
Crop yields 
The grain yields of rice and wheat, and the fodder yields of cowpea 
recorded over 5 years (1987-92) are presented in Table 1. It is evident that the 
grain yields of rice and wheat in the control plots showed a declining trend from 
1987-88 to 1991-92. A reduction of 907 and 458 kg ha"1 in the grain yields of 
rice and wheat, respectively, was observed in the control over a period of 5 
years. The decline in the crop yields is ascribed to loss of inherent soil fertility, 
as ih the control the continuous cropping of rice-wheat-cowpea is being done 
without any fertilizer use. However, in the other treatments, the crop yields were 
almost stable or improved over 5 years due to balanced nutrition. 
The addition of 100% NPK significantly enhanced the grain yields of rice 
and wheat compared to the control in all 5 years. However, the highest grain 
production of both crops was recorded in the 100% NPK+FYM treatment, 
followed by 100% NPK+Zn. Marked responses to Zn and FYM were noted 
in both crops. The addition of 100% NPK+Zn and 100% NPK+FYM enhanced 
the mean grain yield of rice by 12 and 14 per cent and that of wheat grain by 13 
and 16 per cent, respectively, as compared to 100% NPK alone. 
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Table 1 
Yields (kg ha - 1 ) of rice, wheat and cowpea over five years 
Treatments Years Pooled 
1987-88 1988-89 1989-90 1990-91 1991-92 mean 
Rice grain yield 
Control 2482 2040 1990 1857 1575 1989 
100% NPK 4269 4350 4156 4040 4112 4187 
100% NPK+Zn 4686 4730 4723 4710 4690 4708 
100% NPK+FYn 4777 4801 4828 4650 4815 4774 
C. D.j% 374 340 426 417 251 
Wheat grain yield 
Control 1570 1330 1353 1307 1112 1334 
100% NPK 3632 4369 4411 3887 3842 4028 
100% NPK+Zn 4023 4792 4977 4535 4530 4571 
100% NPK+FYM 4074 4863 5090 4595 4745 4673 
C. D.j% 241 654 379 373 253 
Cowpea dry fodder 
yield 
Control 887 1055 820 801 872 887 
100% NPK 972 1323 946 902 1025 1034 
100% NPK+Zn 970 1306 933 870 907 997 
100% NPK+FYM 943 1277 928 882 892 984 
C. D.j% 103 46 174 99 85 
The dry fodder yield of cowpea was not influenced either by residual Zn 
or FYM. 
Zinc uptake 
The mean uptake of Zn (uptake by grain + straw in rice and wheat) 
pooled over 5 years ranged between 106-293, 89-355 and 31^13 g ha"1 for rice, 
wheat and cowpea, respectively (Table 2), indicating that the Zn uptake followed 
the yield pattern of these crops. The annual removal of Zn by the cropping 
sequence of rice-wheat-cowpea was 226, 521, 690 and 664 g ha"1 in the 
control, 100% NPK, 100% NPK+Zn and 100% NPK+FYM treatments, 
respectively. The application of Zn and FYM along with 100% NPK led to 169 
and 143 g ha"1 of additional Zn withdrawal from the soil in comparison to 100% 
NPK alone, suggesting the need to maintain a relatively higher status of Zn in 
the soil if bumper yields are to be obtained. 
Available Zn in soil 
The quantities of available Zn extracted by DTPA were 0.92, 0.83, 1.05 
and 1.04 mg kg"1 in 1987 and 0.90, 0.80, 1.47 and 1.15 mg kg"1 in 1992 in the 
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control, 100% NPK, 100% NPK+Zn and 100% NPK+FYM treatments, 
respectively. The data revealed the replenishment of 0.67 and 0.35 mg k g - 1 Zn 
by adding Zn and FYM, respectively, along with 100% NPK compared to 100% 
NPK alone in 1992. 
Table 2 
Pooled mean of total Zn uptake (g ha'1) by crops 
Treatments Crops 
Rice Wheat Cowpea 
Control 106 89 31 
100% NPK 217 263 41 
100% NPK+Zn 293 355 42 
100% NPK+FYM 267 350 43 
Based on these results, it is concluded that FYM is just as effective as Zn 
in controlling Zn disorders in crops, as the crop responses in rice and wheat, the 
uptake of Zn and the maintenance of available Zn in the soil were of similar 
magnitude under both conditions. The beneficial effect of FYM in ameliorating 
Zn stress is probably due to the contribution of ligands that complex Zn2+. 
Complexation promotes availability (Hodgson, 1969; Nand Ram and Raman, 
1984; Singh and Abrol, 1985) because complexed Zn is protected against 
precipitation and sorption. 
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In this paper a series of measurements made in an apple plantation is analysed. A 
"Scheduler" water stress measurer for crops - an improved version of a non-contact 
(infrared) thermometer that is capable of simultaneous measurements on several 
characters - was used in the investigations. The air and crop canopy temperatures, the 
relative humidity and the radiation intensity were measured. The aim was to determine 
these factors at different levels and with various exposures of the tree crowns, on which 
the relationship of crop canopy and air temperatures depends. To achieve this, 
measurements were made on several trees in certain selected rows and on those planted 
in concentric rows in a round field. The relationship between crop canopy and air 
temperatures appeared to depend primarily on illuminance. This can be greatly affected 
by shading conditions, but air motion cannot be neglected, the effect of which increases 
when its direction is in agreement with the direction of the rows. Its efficiency also has a 
significant effect on air humidity conditions. The relative humidity and air temperature 
values were used to calculate the equivalent temperature, also considering latent heat 
present in the air in the form of water vapour, to determine the heat sum of the air. From 
differences in the equivalent and air temperatures, conclusions can be drawn on the 
intensity and daily course of transpiration. Using this method differences at given levels 
could not be demonstrated in the relatively open orchards studied. According to the 
results, transpiration is the strongest in the morning, after which it significantly decreases 
by the afternoon and becomes more intense again early at night. 
Key words: scheduler, crop canopy temperature, equivalent temperature, space 
of transpiration 
Introduction 
Crop canopy temperature constitutes a very important characteristic for 
quantifying the energy balance and water supply in orchards. It has been used by 
many authors to indicate the water stress of crops (Tanner, 1963; Bartolic et al., 
1972). Substituting it as an input parameter into the energy balance equation of 
the surface, it is possible to calculate the latent heat flux and consequently the 
évapotranspiration rate. The initial equation has the following form, omitting 
certain insignificant components: 
R N = G + LE + H (1) 
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This means that net radiation (R„) warms up the soil surface (G) and is used 
for water vaporisation (LE) and heating the air mass (H). Rearranging the 
equation, the following relationship is obtained: 
L E = RN - G - H , 
LE = Rn-G-PCp{Tc~T°) (2) 
where 
p - the air density (kg/m ); 
cp - the specific heat capacity at constant pressure (J/kgK); 
Tc - the crop canopy temperature (°C); 
Ta - the air temperature (°C); 
ra - the aerodynamic resistance between the soil surface and a given 
reference level (s/m). 
From the above equation the radiation balance can be measured, the 
sensible heat flux can be calculated as shown and the portion of the heat flux 
conducted dunng the day into the soil can be considered as 15%. The canopy 
temperature can be expressed as follows (Monteith, 1981) 
T c = T a + ( y M - G ) ^ ( 3 ) 
cp[\ + M y + r J r a J [l + A / y+re +ra J 
where 
rc - the crop canopy resistance (s/m); 
А /у - a dimensionless quantity depending on temperature; 
ea - the current vapour pressure (hPa); 
ea - the saturation vapour pressure (hPa); 
e a-e a - the saturation deficit (hPa), denoted VPD. 
The other vanables are known from (2). 
From (3) it can be seen that the crop canopy temperature is proportional to 
the radiation balance and depends on the temperature and humidity of the air, and 
on wind conditions. 
Non-contact infrared thennometers can be used for the measurement of 
crop canopy temperatures (Kocsis and Ligetvári, 1992). In Hungary 
measurements of this sort were made in grapes (Polyák et al., 1992) and m arable 
crops: m sunflowers (Pásztor and Szabó, 1990), maize (Anda and Ligetván, 
1991) and soybeans (Anda and Ligetvári, 1993). These papers examined the 
relationships between the crop canopy temperature and various meteorological 
parameters (air temperature, global radiation, saturation deficit, wind). 
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The heat energy inherent in air can only be partially characterised by its 
temperature, since water vapour pressure is also an important parameter. The 
water vapour content is capable of retaining a significant amount of latent heat 
that could further raise the air temperature if released. To characterise this feature 
of the air the concept of an equivalent temperature has bear introduced. The 
equivalent temperature is a parameter that characterises the heat content of the air 
mass not only with the air temperature, but also with the latent energy of the 
atmospheric water vapour which is a potential factor in temperature increase, and 
also indicates the place where transpiration takes place (Szász, 1988). It can be 
calculated as follows: 
Te = T ,+ 1.5e(°C); (4) 
where 
Te - the equivalent temperature (°C); 
T, - the air temperature (°C); 
e - the vapour pressure (hPa). 
On days with unobstructed sunshine the equivalent temperature has a 
maximum value around noon, the time when both temperature and vapour 
pressure are the highest, while their values are the lowest at dawn. 
This study considers the results of an investigation conducted in an apple 
orchard. In orchards the measurements require a more complex analysis than in 
the case of arable crops, since orchards are far from being homogeneous In this 
case, the crop canopy temperature depends on the tree crown level, the shading 
conditions and the exposure. 
Materials and methods 
The measurements were made in Szigetcsép between August 26 and 30, 1992, in the 
experimental apple orchard of the University of Horticulture and Food Industry. 
The area of the orchard is 1/3 of a hectare. It consists of three fields: fields "A" and "B" 
are of rectangular shape and each contain 5 rows. These fields are perpendicular to each other. 
The third field is round, with trees planted in three concentric circles (Fig. 1). 
Spacing differs within fields "A" and "B", the distance between the rows increasing from 
3.25 m to 4.75 m, with a simultaneous increase in plant distance. Thus, the growing area varies 
from 8 to 20 m^/tree within the fields. Field "A" is directed at an angle of 50.5° to true north. 
Starting from true north, the trees are planted at 10° intervals in each circle of the round 
field. The circles are 3 m apart, and the plant distances in the three circles are thus 2.1, 2.6 and 
3.1 m. 
The trees used in the experiments are a variety developed on traditional Jonathan MTV 
rootstocks trained to a free spindle hedge. The trees were planted in 1973 and began to bear 
heavily in 1977. 
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There was ideal weather for the measurements. The month was later registered as the 
warmest August over the past 40 years of climatological records. The monthly mean temperature 
was 2—4 °C above that of an average July. The precipitation quantity was extremely low, ranging 
from 0 to 33 mm nationwide, with 4.2 mm in Szigetcsép. The days selected were free of 
precipitation, except the evening of August 30, but this had no influence on the measurements. 
Cloud cover was insignificant, not affecting the solar radiation. Summing up, it can be stated that 
during the four days of the experiment the weather conditions differed from each other to a 
negligible extent, which means that the cause of the observed differences is to be sought for not 
in the weather, but in the differing exposure of the orchards. 
The primary aim of the measurements was to determine temperature differences between 
the crop canopy and the air at different heights under differing shading conditions and exposure. 
In addition, the relative humidity and the radiation intensity were also measured using a 
Scheduler. 
The data of a meteorological station situated near the apple orchard and in operation 
since 1964 were also included in the analysis of the measurements. 
SSE and SSW winds were observed on the experimental days. It was calm every 
morning. The wind speed, averaged over five minutes, reached 2-3 m/s at noon and declined by 
evening, with the exception of August 29 when it was less than 1 m/s. 
On August 26, 6 trees were selected in the second rows of the "A" and "B" fields and 
measurements were made four times at heights of 1 and 2 m on the sides facing the neighbouring 
rows. On August 28 similar measurements were made, but this time 6 trees were selected in the 
fourth row of each field. On August 29 only 1 tree was selected in the third row of each field and 
the measurements were made six times during the day at heights of 1, 2 and 3 m, both on the 
internal and external sides of the trees. 
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Results 
When analysing the results the greatest attention was paid to the 
temperature difference between the crop canopy and the air. This was regarded as 
positive when the crop canopy was the warmer, and was otherwise considered 
negative. When measurements were made on several trees in a given row, the 
averaged values, measured at the same height and on the same side, were 
considered. The same procedure was followed in the analysis of air humidity and 
radiation intensity. 
The highest humidity values were observed in the morning, ranging from 
45-55%, and being 5-10% lower (dryer) in field "B". They showed a consistent 
and gradual decrease during the daytime. On both days, the air humidity 
decreased to about 20% by 2 p.m. and became practically stagnant for the rest of 
the day (Fig. 2). In field "A" on August 26 this decrease was only observed during 
the night; in early afternoon a relative humidity of 30% could still be measured. 
The higher values in field "A" were due to the presence of a SSE or SSW wind on 
those days, and the direction of the more southerly row in field "B" was more 
favourable to air ventilation. The fields mechanically obstructed the wind in its 
way towards field "A" because of its location. The air humidity in the round field 
was practically independent of the points of the compass. 
Differences between the air and crop canopy temperatures showed a specific 
diurnal course in both fields "A" and "B" independently of whether the data of a 
single tree or data averaged over several trees were considered. The diurnal course 
in field "A" was more characteristic, presumably because of its better wind 
protection (Fig. 3). 
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Fig. 2. Diurnal course of air humidity in fields "A" and "B" on August 26/28, 1992 
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"A" and "В" on August 26, 1992 
Early in the morning and late in the afternoon the canopy temperature only 
slightly differed from the air temperature. Late in the morning the canopy surface 
cooled down compared to the air, the difference being as great as 3-4 °C. A rapid 
reversal of this relationship occurred by early afternoon, the plant surface 
becoming 1-4 °C warmer than the air on the sunny side. Although the sunlit 
surface always possesses a more significant heat excess, it is sometimes 
experienced around noon that the plant surface is about 0.5-l°C warmer than the 
air even on the shaded side. As regards the differences with height on selected 
single trees, it was found that in field "A" the canopy at a height of 1 m was 1-2 
°C warmer than the air at noon; the same was observed at 2 and 3 m. The 
smallest difference between the sunny and shady sides of the trees was observed in 
the same field at a height of 3 m. At all three levels in field "B" differences in the 
diurnal courses of the relative temperatures of the sunlit and shaded surfaces were 
slight, only occasionally reaching 1.5 °C. 
The temperature differences between the crop canopy and the air showed an 
entirely different diurnal course in field "B". While, as in field "A", the differences 
only slightly differed in the morning and evening, the air temperature was 
practically always higher during the day. The difference was greatest (2-4 °C) 
between 2 and 4 p.m. This field received solar radiation practically parallel to the 
direction of its rows and thus the neighbouring trees in a row cast a significant 
amount of shade on each other. This explains why the course of surface 
temperature does not follow the course of radiation. The 3 m level, which is least 
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affected by shading, makes an exception to a certain extent. At first the course of 
the temperature is similarly shaped to that in field "A"; around noon the relative 
temperature is the higher, but then early in the afternoon a sharp "mimmum" of 3 -
4 °C appears in this case as well (Fig. 4). 
In the round field, changes in the air humidity and the relative temperature 
did not show such easily identifiable features, presumably because of the lower 
plant density and the more intense air ventilation. 
The diurnal course of radiation intensity well reflects the period when the 
sun's rays are parallel with the row direction. This is the point when the curves 
constructed from data measured on the two sides of the trees intersect. This event 
took place between 10 and 12 a.m. in field "A" and between 1 and 2 p.m. in field 
"B". A sharp dividing line cannot be fixed since we are not dealing with a thin 
wall, but the diurnal course gives a good reflection of how the sunny side becomes 
shady and vice versa, depending on the sun's movement (Fig. 5). 
To characterise plant transpiration, differences between values of the 
calculated equivalent temperature and the air temperature were considered. The 
difference never exceeded 26 °C, but was always more than 10 °C. The diurnal 
courses in fields "A" and "B" exhibited a similar shape; nevertheless, a slight but 
definite difference could be observed. The temperature differences reached their 
maximum in the morning in field "B", after which they started to decline and 
rapidly decreased from about noon. This decrease came to a halt by the evening. 
In field "A", after a slight increase, the curve reached a peak around noon. This 
was followed by a drastic decrease, as already seen in field "B", though it should 
be noted that the rapid decrease was postponed to late in the afternoon. 
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Fig. 6. Diurnal courses of equivalent temperature in the vicinity of certain trees in fields 
"A" and "B" on August 29, 1992 
The measurements made on single selected trees on August 29 provided 
curves that were of almost the same character in both fields. Here the graphs (Fig. 
6) reveal more details because of the more frequent sampling (six times a day). 
Similarly to the former results, the maximum intensity of transpiration in field "B" 
occurred fairly late in the morning, while in field "A" it was observed around noon 
(presenting the only slight difference between the data of the two fields), after 
which a drastic fall in the values took place. Later a significant increase was 
observed, starting from about 4 p.m. It was found that the differences calculated 
for different levels of the tree crowns seldom exceeded 2 °C; in other words, the 
transpiration intensity does not show significant changes with height. 
From the measurements it can be concluded that the relationship between 
crop canopy and air temperature is defined primarily by illumination (radiation 
intensity), which depends on the compass direction (self-shading) or the row 
direction (shading caused by neighbouring trees). The mixing and cooling effects 
of air motion are also significant factors that may become effective, depending on 
the row direction. In places well protected against wind the sunlit plant surface 
may be 3-4 °C warmer than the air in the case of intense radiation. Interestingly 
enough, this relative heat excess only slightly depends on height. The relationship 
between air humidity and wind protection is fairly sharply manifested. Calculated 
Discussion 
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characteristics for the shading conditions, which depend on the time of day, follow 
the radiation energy values (Fig. 7). 
From calculations of the equivalent temperatures it can be seen that the 
transpiration of the trees is very intense in the early morning and late in the 
morning under unobstructed sunlight conditions. A substantial decline lasting a 
Fig. 7. Diurnal course of radiation energy arriving at the vertical plane of the trees, 
as a percentage of global radiation. Direction of the vertical plane is in agreement 
with the row direction in fields "A" and "B" 
few hours is observed from noon on. An intensification of transpiration activity 
starts again in the afternoon, at about 3-5 p.m. To investigate this phenomenon, it 
seems advisable to increase the number of observations dunng this part of the day. 
In the near future it is hoped to study the effect of weather conditions on the 
quality and quantity of the yield. 
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EFFECTS OF CULTURE MEDIA ON TEE FORMATION 
OF AXILLARY SHOOTS OF MAGNOLIA x SOULANGIANA 
SOUL. - BOD. IN VITRO 
AURELIA KAMENICKA, MAGDALENA VALOVA and MARIA LANAKOVA 
BRANCH OF WOODY PLANT BIOLOGY, INSTITUTE OF FOREST ECOLOGY, 
SLOVAK ACADEMY OF SCIENCES, SK - 951 52 SLEPŐANY, SLOVAK REPUBLIC 
(Received: 26 October, 1994; accepted: 11 September, 1995) 
Axillary shoots were regenerated from nodal expiants of saucer magnolia 
(Magnolia x soulangiana Soul. - Bod.) on media with different nutrient compositions. 
The greatest number of axillary shoots was produced on the basal medium Standardi and 
Catalane (1985) with the full strength of macroelements, 0.3 mg. Г1 of В A (6 -
benzylaminopurine) and 0.1 mg.L1 NAA (1-naphthaleneacetic acid). The mean number 
of axillary shoots was 8.30 per explant. On lowering the macroelement concentration the 
formation of axillary shoots decreased to 5.25 per expiant. Shoots on a modified S3 
medium rooted spontaneously. This micropropagation technique can be successfully 
applied for commercial purposes. 
Key words: Magnolia x soulangiana, culture media, micropropagation 
Introduction 
In vitro methods suitable for the rapid production of sufficient amounts of 
high-quality planting matenal are a significant complement to traditional methods 
of vegetative propagation. They are of special importance in the propagation of 
not only rare and endangered, but also decorative woody species. The success of 
the regeneration process is dependent on a complex of internal and external 
factors, but mainly on the developmental stage of the expiant, the age of the 
donor, the composition of the culture medium and the culturing conditions 
(Economou and Read, 1981; Owen et al., 1991; Owen and Miller, 1992). The 
most important factor is the culture medium composition both in the theoretical 
study of expiant cultures and in commercial application. The relationship between 
the medium and the expiant at different stages of development is little known, as is 
the uptake, transport, accumulation and distribution of the nutrients into the 
different parts of the explants (Mezzetti et al., 1991). The continuous culturing of 
expiant cultures on media with identical compositions often leads to abnormal 
growth (Pasqualetto et al., 1988) and to vitrified shoot formation (Daguin and 
Letouze, 1985). 
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This paper describes the effects of culture media on the formation of 
axillary shoots of saucer magnolia (Magnolia x soulangiana Soul. - Bod.) in 
vitro. 
Materials and methods 
Primary expiants were taken in spring from adult (70 year-old) trees of Magnolia x 
soulangiana Soul. - Bod. from the botanical garden Arboretum Mlynany. Actively growing 
shoots were denuded of their leaves and sterilized for 3 to 4 min with 0.1-0.3% HgCl2 plus three 
drops of Tween 20/1. In the laboratory the shoots were finally rinsed three times with sterile 
water. The sterilization solution was removed and the shoots were again rinsed in redistilled 
water in a laminary flow box. The shoots were aseptically divided into 2-3 nodal sections (3-5 
mm long) and cultured on basal and modified media (Standardi and Catalano, 1985). The basal 
medium was labelled Si, basal medium where vitamins were omitted (nicotinic acid, glycine, 
pyridoxine, folic acid, biotine) Si, and modified medium with half-strength macroelements S3. 
Both the basal and modified media contained growth regulators: 0. 3 mg.r В A (6-
benzylaminopurine) and 0.01 mg. 1 NAA (1-naphthaleneacetic acid), 20 g. 1 sucrose and 0.7% 
agar. The pH of all the media was adjusted to 5.4-5.6 with 1 N NaOH or 1 N HCl before 
autoclaving. The cultures were grown under conditions of 16 h of light (35—40 pmol s m ) 
daily at 24 to 26 °C. 
After 8 weeks on the initial medium containing 0.3 mg. 1 BA the differentiated axillary 
shoots were subcultured on multiplication media with 0.3 mg.r В A and 0.1 mg.L NAA (Fig. 
1). Culture vessels of 265 ml containing 20 ml of medium were sealed with plastic caps with 
vent membranes (Kamenická, 1992). 6-8 explants were placed into each of the culture vessels. 
After 90 days of continuous culture the number and length (mm) of axillary shoots, fresh and 
dry weight (g) were evaluated. 
Each treatment was represented by 60 to 180 shoots in 5 replications. The results were 
evaluated using the statistical programme STATGRAPHICS 05. The significance of the 
differences between the means were evaluated using Student's t-test. 
Results 
The formation of axillary shoots in cultured saucer magnolia is significantly 
affected by the medium compositon. Among the media tested significant 
differences were found between the Si and S3 media (Table 1). 
When the media were compared, the greatest number of shoots was found 
on the basal medium (Si) with the full strength of macronutrients. The mean 
number of shoots was 8.30 per expiant. In half-strength S3 media the number of 
axillary shoots decreased. The mean number of shoots was 5 .25 per expiant. 
On evaluating the length of the axillary shoots significant differences were 
found between the culture media S2 and S3 (Table 1). According to one-way 
analysis of variance on the length of the shoots, all the tested media (Si, S2, S3) 
belong to one group (not shown). 
When evaluating the fresh weight of differentiated axillary shoots 
significant differences were found between the culture media Si - S3, S2 - S3 and 
S2 - Si (Table 2) The dry weight was the highest on media with the full strength 
of macronutrients. Differences on modified media were non-significant. 
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Table 1 
Effect of different culture medium compositions on the number and length 
of axillary shoots in Magnolia x soulangiana Soul. - Bod. 
Media Mean number of shoots* Mean length of shoots 
/per explant ± SE ± SE 
Si 8.303 ± 0.443 16.238 ±0.314 
s 2 6.167 ±0.277 16.666 ±0.335 
S3 5.252 ±0.456 14.384 ±0.212 
* Data collected after 90 days in culture 
t (100) for Po os =1.98 and Po.oi = 2.63 
t (500) for Po.o?= 1.65 and Po.o5 = 2.59 
A comparison of the fresh and dry weights of the axillary shoots showed the 
differences between the culture media Si and S2 to be non-significant (fresh/dry 
weight ratios of 12.90 and 12.70). On the S3 medium with half strength of 
macronutnents the fresh/dry weight ratio was 8.99. Axillary shoots on the S3 
media rooted spontaneously and were successfully planted in soil 
(Fig. 2). 
Table 2 
Effects of different culture medium compositions on the fresh 
and dry weights of shoots of Magnolia x soulangiana Soul. - Bod. 
Media Fresh weight of 
shoots SE 
Dry weight of 
shoots SE 
Fresh/dry 
weight ratio 
s , 1.693 ± 0.066 0.131 ±0.004 12.90 
s2 2.230 ±0.049 0.097 ±0.003 12.70 
S3 0.880 ±0.025 0.098 ±0.002 8.99 
Discussion 
It is well documented in the literature that the induction of shoots is 
significantly influenced by the composition of the culture medium (Rodriguez, 
1982; Flinn et al., 1986). Changes in the composition of the culture medium 
resulted in a decreased production of axillary shoots in saucer magnolia. We can 
therefore say that the difference in the number of axillary shoots produced is 
significantly influenced by the macroelement concentrations in the culture media. 
Bonga and Aderkas (1992) found that a high concentration of mineral compounds 
in the culture medium is often necessary for callogenesis. The initiation of shoots 
and their longitudinal growth had different requirements as regards the 
composition of the culture medium. Some species can be successfully grown on a 
wide range of media, while other genotypes require a specific medium 
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composition (Rutledge and Douglas, 1988). For example, the Litvay et al. (1981) 
medium, which was developed for conifer cell suspension cultures, is excellent for 
shoot cultures of Larix decidua (Bonga and Aderkas, 1988). Other species 
(Sequiodendron giganteum, Thuja occidentalis) grew well on half-strength 
medium (Harry et al., 1987). 
It has also been documented that the presence of cytokinins and auxins in 
the culture medium is required for shoot formation, though the efficiency of 
cytokinins for individual species is different (Coleman and Ernst, 1989). The 
results suggest that the moiphological ability of the expiant is not conditioned by 
the influence of one factor only but that there is a complex of factors taking part in 
its manifestation. 
Bonga, J. M., Aderkas, P. von (1988): Attempts to micropropagate mature Larix decidua Mill. 
In: Ahuja, M. R. (ed.) Somatic Cell Genetics of Woody Plants, Kluwer Academic 
Publishers, 155-168. 
Bonga, J. M., Aderkas, P. von. (1992): In vitro Propagation of Trees. Kluwer Academic 
Publishers, Dordrecht, Boston, London, 236. 
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A dynamic model was developed to describe the total aboveground and ear dry 
matter mass increase of the medium duration winter wheat, Yubileinaya 50. It also 
provides estimations of the occurrence of phenological times and yields with an accuracy 
of approximately ±10 days and ±0.5 t/ha, respectively. The model uses 4 variables, while 
the nutrient supply calculation submodel, worked out earlier, uses 3 variables. These 
variables are the data on air temperature (°C), taken at a height of 2 metres to 
characterize thermal conditions, data on plant-available water in a 1 m deep soil layer 
expressed in mm, to represent the hydrological conditions, data on global radiation 
(MJ/m2) to characterize the radiation, and the nutrient supplying capacity of the soil, 
calculated using a submodel developed earlier (mg/100 g) to describe the nutrient 
conditions. The 3 variables of the submodel are the following: soil temperature (°C), 
moisture content of a 1 m deep soil layer and precipitation, both expressed in mm. The 
results calculated using this model apply to the Eastern part of the Great Hungarian Plain 
and to any other place where the annual average variation of climatological elements is 
similar. The model uses a 5-day time scale. It describes the plant dry matter mass 
increase using the sum of the products of response functions (temperature, plant-
available water, solar radiation, nutrient supply) and weight functions based on 
probability data. As a consequence, the dual, deterministic and stochastic character of 
plant development is considered. 
Key words: winter wheat, dynamic model, dry matter, response function, weight 
function, biometeorological time, phenological phases, grain yield 
Introduction 
The relationship between plant development and weather has attracted the 
attention of man since prehistoric times. Our plant-gathering ancestors must have 
been the first to find that plant growth is highly dependent upon weather 
conditions and that consequently the quantity and quality of the food available 
vary greatly over the years. Communities that were aware of this pattern were 
stricken by droughts and other calamities to a smaller extent than those which had 
no knowledge of this natural law. The observations that started to accumulate 
when man began to cultivate the land have gradually led to a scientifically-based 
descnption of the relationship between plant development and the weather. 
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The simplest yield models involve summing or averaging several variables 
over the growing season and correlating these variables with yield by multiple 
regression (Fisher, 1924; Berényi, 1956; Haun, 1974). 
The computer-based modelling of plant growth and yield formation started 
in the 1970s. Modelling at first consisted of a description of the dependence of 
basic physiological processes (photosynthesis, respiration) upon climatic 
conditions (Dmitrenko, 1973; Sirotenko, 1978). More sophisticated models were 
developed to estimate yield as a function of photosynthetically active absorbed 
radiation and temperature, assuming that the rest of the factors - water and 
nutrient supply - were optimal. These models (Hodges and Kanemasu, 1977; 
Ábrányi, 1978; Varga-Haszonits, 1992, 1993) describe the potential biomass 
production on a particular site. Of course, water supply and transpiration also 
have a significant impact on actual yield formation. The first complete dry matter 
accumulation simulation model for winter wheat was developed by Rickman et al. 
(1975). In this model seven daily environmental variables (available soil water, 
soil N supply, solar radiation, soil temperature, air temperature, wind course and 
relative humidity) are major inputs. Further wheat modelling occurred in the 
second half of the seventies (Morgan, 1976; Hochman, 1979). By the eighties 
several models had been developed to simulate the growth of winter wheat (Porter 
et al., 1983; Weir et al., 1984; Ritchie and Otter, 1984, Spitters et al., 1989; 
Kraalingen et al., 1991; Stol et al., 1993; Supit et al., 1994). These models 
require large computing facilities and extensive model verification methods. 
The temperature conditions in a particular geographical area represent 
decisive criteria for the natural establishment of a plant. All the physiological 
processes take place within certain ranges or tolerance intervals. 
As concerns temperature, it has to reach a certain minimum which is 
indispensible for biological activities. The activity will be at its highest when the 
temperature is optimum. At maximum temperatures, however, life processes will 
cease to function. These are the three cardinal temperature ranges. They vary 
widely according to the age, development stage and, very significantly, to the 
species of the plant. The models mentioned above use different optimum functions. 
In many cases these apply only to a specific phenological stage, e.g. emergence. 
According to most authors the optimum temperature for the development of winter 
wheat is about 15-25 °C (Hubbard and Hanks, 1983). The solar radiation 
optimum is about 15-25 MJ/m2/day (Davidson and Philip, 1958) and the 
optimum value of soil moisture is 65% of the available water capacity of the soil 
(Polevoy, 1983). 
According to Mages (1930, 1934) the optimum values of the main 
environmental elements approximately equal the climatological averages during 
the growing season. In his research he pointed out that these optimum values 
change continually during the growing season of the plant. The present model also 
supports his assumption that the optimum values of the environmental variables 
can be substituted by climatological averages. The aim was to develop a dynamic 
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model which could easily describe the plant development and yield formation 
processes using only meteorological (2) and soil (2) parameters. The model uses 
climatological averages, so it can be applied to the Eastern part of the Great 
Hungarian Plain and to any other place where the annual average variation of 
climatological elements is similar. 
Materials and methods 
Taking physiological requirements into consideration, four variables were chosen (air 
temperature, available water in the soil, global radiation and nutrient supply of the soil) which 
are essential factors controlling plant development. 
Air temperature and solar radiation data, as well as the meteorological data necessary for 
submodelling the production of NC>3~-N, by natural processes, such as soil temperature, soil 
moisture, precipitation, were observed at the DAU Agrometeorological Observatory (latitude 
47°30', longitude 21°42\ altitude 112 m). 
Measurements on the available water in the soil were taken on lime-coated chernozem 
soil (clay content 47%) samples taken in the grounds of the observatory where the water table 
was at 8-10 m. The minimum field water capacity of the soil was 280 mm/m, the wilting point 
water capacity was 148 mm/m and the available water capacity of this soil was 132 mm/m. 
About 2/3 of the available water capacity (88 mm/m) was freely available. 
The available water index expressed in millimetres for a 1 m deep sample was used in 
the calculations. A knowledge of the actual amount of plant-available water in the soil during the 
growing season is very important, especially in a dry area like Hungary. The low quantity of 
available water is generally the strongest limiting factor of plant production in Hungary, as plant-
available water is essential for plant dry matter accumulation and for other biological processes 
as well. 
Hunkár and Bacsi (1993) found this depth satisfactory for running the CERES-model, 
noting, however, that in dry periods the water supplies of the deeper layers may become of 
importance too. The soil nutrient supply was considered equivalent to the amount of naturally 
produced NC>3_-N in a 1 m deep soil layer, expressed in mg/100 g. The annual course of N-
formation well characterizes the degree of biological activity in the soil. With the submodel for 
the prediction of the nutrient supply the mineralized N03~ amount can be estimated with an 
accuracy of ±16% with a correlation coefficient r = 0.76 significant at 0.1% (Lakatos and Szász, 
1991). 
For plant data, dry matter measurements were supplied by the Experimental Station of 
the Department of Plant Production, which is situated less than 5 km from the Observatory with 
identical soil types in both places. 
The whole phenological and grain yield data between 1975-90 were taken at the Variety 
Trial Station of the Ministry of Agriculture, which is in the neighbourhood of the Observatory, 
while the dry matter data were recorded at the Experimental Station of the DAU Department of 
Plant Production. All the plant data apply to the medium duration winter wheat, Yubileinaya 50. 
The meteorological and plant data were collected in the years 1964-1994 and 1975-
1994, respectively. Most soil-plant-climate models are based on an examination of the effect 
that meteorological and other environmental factors (water and nutrient supply) have on plant 
development. The definition of the function expressing the relationship between development 
ratio and environmental factors is extremely important. Most environmental conditions have 
extreme values at which life processes practically cease to function. The optimum at which they 
function at their maximum intensity lies between the two extremes. As a rule, authors compile 
the function fof one particular phenological phase, e.g. the stage of emergence (Monteith, 1981). 
They ignore the rest of the factors or consider them constant. 
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The optima can be defined for the whole of the vegetation period (in climatic chamber 
experiments, for example). Literary data are usually slightly higher than the climatic averages of 
most of the growing sites over the given period. The theoretical ecological averages for wheat 
and com, determined by Schimper (1903) and Klages (1934), however, equal the climatic 
averages at sites with outstandingly high yields and low annual variations (this assumption could 
be correct in the researched area). According to these authors plant development can be 
described by a balanced summation of the annual climatic averages. Based on this theoretical 
assumption, the following method was applied to determine wheat mass increase in the present 
experiment: 
The mass increase dynamics during the growing season was expressed by the summation 
of the products of the applied climatic variables, a method also used by Baier (1973), Dmitrenko 
(1973), Rickman et al. (1975) and Landsberg and Cutting (1977). A long-term (30 year) growing 
season series of input variables was produced using Bessel's polynomes (trigonometrical series 
expanded). As the four variables used had different dimensions, each of them had to be 
normalized for their particular minimum and maximum values over the 30-year series. By the 
summation of the products over the growing season a theoretical ecological curve was produced 
(Schimper, 1903). As actual climatic, nutrient, soil, etc., conditions have to be taken into 
consideration the introduction of relevant weight functions in inevitable. The weight functions 
will communicate minimum values if the value of the investigated day equals the lowest or 
highest value of the 30-year series for the given day. They will communicate maximum values if 
it equals the average value of the 30-year series for the given day. The absolute minima and 
maxima were estimated using the density function of standard normal distribution. At the lowest 
and highest values produced over the 30-year series, a 0 impact on plant development is 
inconceivable. Thus, the lowest values of the weight function equal the minimum values of the 
density functions. As the input variables still remain independent, truly accurate results could 
only be achieved by multidimensional functions. If the starting and ending points of plant mass 
increase are known, the real dry matter mass increase of the plant as a function of time can be 
calculated by summating the products of the 4 response functions and the minimum weight 
function, since according to Liebig's minimum law the joint effect of four variables will equal 
the effect of the variable with the lowest value. 
Results 
Response fiinction 
In the model there are four response functions to characterize all the 
principal factors of plant development, i.e. the functions of thermal, hydrological, 
radiation and nutrient supply conditions. The response functions represent the 
annual climatic variation of the given variable. According to Schimper (1903) 
"plants that are well adapted will necessarily acquire a vegetational variation of 
different climatic elements in the area". So in well-adapted plants, such as winter 
wheat, the speed of development and the biological activities follow the climatic 
(thermal, hydrological) conditions typical of the area. Hungary's geographical 
situation in the centre of the European cereal belt suggests that winter wheat is 
well adapted to the area. The response functions can be produced by expansion in 
a trigonometrical series based on the average annual course of a long series of 
data. If the maximum and minimum values are known, after expansion in a senes, 
extrapolation into the 0-1 range will produce the following response functions. 
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Temperature fimction 
It is known that temperature and daylength regulate the speed of 
differentiation. The differentiation of the apex, in turn, sets the rate of development 
(Petretal., 1985). 
r (0 = 9.10+lL05sin^-+3.06j (°C) 
Available water function 
H{t)= 67.98 + 5 9 . 4 9 - 0.88^  (mm/m) 
Solar radiation function 
S(t) = 68.50 + 55.27 - 2.6з] (MJ/m2/day) 
Nutrient supply function 
(1.1) 
(1.2) 
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2.8)1 {o.93 + 0.61 s in(^ i + 1.26) I (mg/100g) (1.4) 
The closeness of the relationship between the measured and calculated 
values is denoted by the correlation coefficient (r = 0.97-0.99). The extrapolation 
of the above functions into the 0-1 range will produce the following response 
functions (Fig. 1). 
The standard form of the four response functions is the following: 
= Y(t)~Yn 
Y -Y 
Y(t): the function of the input variables (temperature, available water, solar 
radiation, nutrient supply) 
Yn: minimum value of the given input variable (temperature, available 
water, solar radiation, nutrient supply) 
Yx: maximum value of the given input vanable (temperature, available 
water, solar radiation, nutrient supply) 
For minimum and maximum values see Table 1. 
50 100 150 200 
Days from sowing to maturity 
Fig. I. Response functions of winter wheat 
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The product of the response functions demonstrates the average daily dry 
matter increase of winter wheat over the growing season (Fig. 2). The response 
functions must satisfy the assumption of normal distribution - as proved by 
Geary's test - and the following conditions: 
0 < T R ( t ) < l ; 0 < Hj^  (t) < 1 ; 0 < S R ( t ) < 1; 0 < N R ( t ) < l 
Table 1 
Minimum and maximum values of the input variable functions 
T(°C) H (mm) S (MJ/m2) N (mg/100 
maximum 21.71 127.49 23.58 0 
minimum -1.95 21.82 3.61 35.68 
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0.7-
я 0.6-
CD 0.5-
TJ 
с ID 0.4 
>. 0.3 
Я 
о 
0.2-
0.1 
0' 
-0.1 
D =-0.51 M.+ 2.27 M„ 
r=0-99 
S 
M„(t) 
Measured DT  
Calculated D, 
100 150 200 250 300 
Days from sowing to maturity 
Fig. 2. Product of four response functions and the average daily trend 
m the total dry matter mass of winter wheat 
Weight functions 
According to Klages (1930, 1934) the daily temperature optimum of winter 
wheat equals the long-term temperature average in the particular geographical 
area. Thus, the daily variations of temperature optimum over the growing season 
correspond to the long-term daily averages. The lethal minima and maxima of the 
input variables can be considered equal to the long-term minima and maxima for 
temperature, plant-available water, solar radiation and nutnent supply. 
The distnbution analysis (Geary's test) shows that the long-term 5-day 
input vanable senes follow a normal distribution pattern. Let us standardize all 
the input variable series data between the average sowing and maturity times for 
the 30 years investigated. After calculating the standardized normal distribution 
density function and extrapolating its values from the range of 0-0.4 into the 
range of 0-1, a function is given which is suitable for weighting. To simplify 
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Standardized values (T, H. R, N) 
Fig. 3. Interpretation of weight functions 
handling, the extrapolated standard normal distribution density function was 
replaced as a "weight function" with a linear curve: n(T), ri(H), r|(S), r|(N) 
(Fig. 3). 
As the mean value of the standardized normal distribution is 0 and the 
dispersion is 1, with such a sample size the average produced will be equal to the 
mean value and in this case the weight of the period will be 1. 
In the case of a satisfactory length of samples, the weight of the minima and 
maxima would be 0, as follows from the density function of the standard normal 
distribution. This, however, is not fulfilled in the present case, so the weights of 
the maxima and minima for each of the 5-day growing season penods have to be 
determined. As the results showed little variation over the growing season (the 
value of the variation coefficient, CV, never exceeded 19% maximum/minimum) 
it was assumed that the substitution of the weight of the minimum or maximum 
values for the average values would not result in errors in the definition of the end 
value weights of the periods. The minimum values obtained were between 0.11-
0.27 with CVs between 8-16%. 
The maximum values were between 0.05-0.20 with a CV between 6-19%. 
Based on these, the weight function of the variables for a 5-day time step can be 
determined over the growing season for each year. 
The standard form of the weight function is the following: 
If the average value of the given variable over the given 5-day period is 
lower than the long-term variable average (X< X). 
rj(X)=l-(l-Pn) X- X 
X - Xn 
(3.1.1-4.) 
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where 
r|(X): weight function of the given variable 
Pn: the probable value of the minimum (Table 2) 
X: actual value of the variable over the growing season 
X : long-term average value of the 30-year series of the given variables 
over the growing season 
Xn: absolute minimum value of the 30-year series of the given variables 
over the growing season 
If the average value of the given variable over the given 5-day period is 
higher than the long-term variable average (X> X ). 
rj(X) = \-(\-Px) X -X 
xx -X 
(3.2.1—4.) 
where 
t)(X): weight function of the given variable 
Px: the probable value of the maximum (Table 2) 
X: actual value of the variable over the growing season 
X : long-term average value of the 30-year series of the given vanables 
over the growing season 
Xx : absolute maximum value of the 30-year series of the given variables 
over the growing season 
Table 2 
Probable values of minimum and maximum from 
an extrapolated standard normal density function 
T H S N 
maximum 0.11 0.27 0.13 0.18 
minimum 0.14 0.05 0.15 0.20 
The CV value of the minimum and maximum values of the temperature 
weight function were 12% and 14% , respectively. 
The variation coefficient (CV) values of the available water weight function 
from the standard normal distribution density function were 8% and 6%. The 
distribution investigations show that, according to the normal distribution of the 
available water in the soil senes, it deviated towards the lower ranges. There is a 
higher probability of low values than of high ones, which is a consequence of the 
climatic conditions in the Carpathian Basin. 
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As is generally known, the efficiency of the solar energy utilization in 
winter wheat is only 1-2% at most. It is also known that the intensity of 
photosynthesis is mainly proportionate with the number of photons. Moreover, 
unlike temperature and soil moisture, solar radiation is not a continuous process. 
As agreed earlier, solar radiation is considered equivalent to the global radiation 
values. Based on the standard normal distribution density investigations, the CVs 
of the minimum and maximum values were 13% and 14%. 
As mentioned above, the soil nutrient supply is considered equivalent to the 
amount of naturally produced N03~-N in a 1 m deep soil layer. These values are 
calculated with a model developed earlier. Based on the standard normal 
distribution density investigations, the minimum and maximum CV values from 
the density functions were 16% and 19%. 
Biometeorological time 
For the descnption of the development of a certain plant part (grain, spike, 
leaf, stem) as a function of time, a reliable time scale is needed. Mass increase 
(total aboveground or ear mass) will start at a certain stage of plant development. 
For the determination of the starting point we have to introduce a 
biometeorological time scale. This name was introduced by Robertson (1968). It 
has to be stressed, however, that the scale used here is not identical with the scale 
used by Robertson as, besides daily temperature maxima and minima, he 
introduced day- and nightlength, as well. The word "scale" is only used to indicate 
that more than thermal time derived from temperature summation is meant 
(Monteith, 1981). 
The character of the scale is determined by the temperature only; the daily 
increases, however, are in complete accordance with the ecological and 
physiological requirements of the plants. When constructing the scale, external 
effects were taken into consideration from both meteorological and biological 
aspects. It was presupposed that the daily temperature optimum of wheat equals 
the long-term temperature averages in the particular geographical area. Thus, the 
daily variations in temperature optimum over the growing season correspond to 
the long-term daily averages. 
If the products obtained by multiplying the values of the 5-day time-step 
temperature weight function by the corresponding values of the temperature 
response function are summed over the period between sowing and maturity, the 
"biometeorological" time will be obtained. 
The time scale is based on statistical data and, alongside its deterministic 
character, it is also suited to deal with the stochastic effects, appearing as the sum 
of effects taken at any point of plant development. 
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maturity 
w ) = I u w r n ) ( 4 ) 
t=sowing 
Tj^(t): temperature response function 
ri(T(t)): temperature weight function 
t: time (in 5-day time steps) 
Estimating the starting point of the phenological phases 
The biometeorological time scale characterizes the development rate of the 
plant. If the scale is correctly defined, it is expected to truly express the occurrence 
of the phenological phases. In the present case this requirement is met, as the 
correlation between the measured and calculated values is 0.77-0.88 and the 
greatest difference between the real and calculated occurrence of the phenological 
phases does not exceed 10 days in any of the 20 years investigated. If the 
biometeorological time is known, by fitting the data of a 20-year series, the 
occurrence of the phenological phases can be estimated from the following 
regression equations: 
Emergence (tbiom) = 18.15tb,om + 6.24 (5.1) 
Ear development (tbiom) = 6.1 ltblom + 38.12 (5.2) 
Heading (tbiom)= 4.82tbiom+ 48.25 (5.3) 
Flowering (tbiom)= 6.59tbiom+ 96.18 (5.4) 
Waxy ripeness (tbiom)= 9.36tbiom +156.86 (5.5) 
Matunty (tbioin)= 8.19tbiom +163.27 (5.6) 
The weakest fitting was found when estimating emergence time (r = 0.77). 
Flowering, maturity, heading, ear development and waxy ripeness times were 
estimated with correlations of r = 0.83, r = 0.84, r = 0.85, r = 0.86 and r = 0.88, 
respectively. This shows that the model is suitable for the estimation of the 
occurrence of phenological phases and that it provides results with acceptable 
precision. 
Dynamics of dry matter accumulation 
According to Vrkoc (1973), soil and climatic conditions have a significant 
effect on the amount and dynamics of aboveground biomass formation. 
This, and our previous observations of plant physiology, led us to the 
conclusion that biomass development as a function of time can be descnbed with 
four variables, i.e. air temperature, solar radiation, available water in the soil and 
nutrient supply. 
The joint effect of the four variables can be i Шеф reted by additive or 
multiplicative relations. The multiplicative approach is supported by the fact that 
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each of the variables is essential for survival, which means that minimum 
availability of any of the four factors will result in a significant decrease in their 
joint effect. In the additive case this is not felt to the same extent. 
Consequently, the product of the four response functions is suitable for 
predicting the dynamics of daily dry matter formation over the growing season. 
By quadratic fitting the averages of total aboveground daily dry matter and - by 
shifting this product function by about 30 days - the ear dry matter increase can 
be calculated with the following equations: 
DT - -1L49 + 6.03MR + 0.01 r = 0.99 (6.1) 
DE = И83М Я 2 -0 .26M r +0.01 r = 0.98 (6.2) 
where 
От: the total daily dry matter production (g/plant) 
De: the ear daily dry matter production (g/plant) 
MR: the product of the four response functions 
Knowing the response functions and probability weights of each variable -
and using Liebig's minimum law - the summation of the products of the four 
response functions multiplied by the lowest value of the weighting function will 
give the dry matter production of winter wheat. 
Accordingly, the model equation is as follows: 
Z f ^ í O H ^ í O } (7> 
•bian =0 
DM (tbiom): plant mass increase as a function of biometorological time 
tbiom : biometeorological time (from sowing to maturity) 
=
 T R ( t b i o m ) H R ( t b i o m ) S R ( t b i o m ) N R ( t b i o m ) 
= min [ q ( T ( t b i o m ) ) , n(H(tblom)), r)(S(tblom)), q(N(tblom))] 
: Temperature response function 
: Available water response function 
: Soil radiation response function 
: Nutrient supply response function 
): Temperature weight function 
): Available water weight function 
): Solar radiation weight function 
): Nutrient supply weight function 
With the help of the equation above, the daily (5-day) plant mass increase 
can be determined. The relationship between the dimensionless cumulative final 
M r ( t b i o m 
W E ( t b i o m 
T R ( t b i o m 
H R ( t b i o m 
S R ( t b i o m 
N R ( t b i o m 
ri(T ( t b i o m 
T ) ( H ( t b i o m 
fi(R ( t b i o m 
ri(N ( t b i 
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value of the model and the final measured dry matter content can be characterized 
by a single linear equation: 
MT = 2.97 DM - 0.49 for aboveground biomass total (Fig. 4) (8.1) 
ME = 2.78 DM - 0.39 for ear mass (Fig. 5) (8.2) 
where MT>E is the measured and DM the calculated dry matter content. There is a 
significant correlation between the measured and calculated values for 
aboveground biomass total and grain mass accumulation dynamics (r = 0.96 and 
r = 0.97 at p = 0.1%). 
The testing of a model is usually done on outside control material. In the 
present case this was represented by a prediction of the dry matter mass increase 
for the year 1994. If the starting point of ear formation, which can be read on the 
biometeorological time scale (on the basis of 3 investigated years it had a value of 
8.6, with very slight differences) and the final point, i.e. the maturity date (which 
was 12.4, also with very slight differences) are known, the ear dry matter mass 
increase can be calculated, with the model being run between these two points. As 
can be seen in Fig. 6, both the aboveground biomass total and the grain mass 
increase as a function of time can be predicted with a precision 
of ±6%. 
Prediction of the grain yield 
The total plant and grain dry matter mass mcrease data are essential for 
making yield estimations. The data of the 4 available test years - the period 
between 1991-1994 - show a significant (at p = 0.1%) correlation between the 
maximum value of the measured dry matter content and the grain yield 
(r = 0.96). 
и 
о 
s 
DM=2.97dm + 0.49 
Mle -
r=0.97- (n = 38) 
- v T " 
Measured 
Linear regr. 
0.5 1 1.5 2 2.5 3 3.5 4 4.5 
Calculated (dimensionless) 
Fig. 4. Relationship between measured total aboveground biomass 
and the total calculated using the model 
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Fig. 5. Relationship between measured and calculated 
ear dry matter using the model 
The regression equation is: 
Y = 1.18 max {ME}-0.27 (9) 
where Y is the quantity of grain yield in t/ha and max ME is the maximum value 
of ear dry matter content in g/plarrt. 
This equation can be generalized only if the plant density is the same in 
each year investigated (it was about 6 million plants/ha in the present case). Let us 
suppose that this assumption is correct in every year investigated. Independent 
control data, which are necessary for testing, were available between 1975-90 
from the Variety Research Station. If the model is run from the starting point of 
grain formation determined earlier - i.e from 8.6 - to the maturity date, i.e. 12.4 
biometeorological time points, the maximum value of ear dry matter content can 
be determined, fri the investigated period of 1975-90, the values calculated show a 
significant correlation with grain yield quantity (r = 0.92 at p = 1%). The average 
error of measured and calculated values was below 0.5 t/ha (Fig. 7). 
8 10 
Biometeorological time 
Fig. 6. Cumulative measured and calculated aboveground total biomass 
and grain dry matter increase 
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Years 
Fig. 7 Measured and calculated grain yields during the period 1975 - 1990 
Discussion 
The results apply to a medium-duration winter wheat, Yubileinaya 50. This 
is the major variety cultivated in Eastern Hungary and in other regions of the 
country. The average annual yield of a large cultivated area involves the yields of 
several different vaneties. There are large differences in their productivity, drought 
and disease resistance. Varieties with new traits may show significant differences 
in their weather tolerance - their tolerance to certain climatic effects may increase, 
to others it may decrease. The cultivation of a variety over a long period may 
cause changes in certain characteristics. So a plant-weather model that has been 
developed for a vanety with certain genetic characteristics cannot be expected to 
work perfectly for varieties with different genetic characteristics. The present 
model did not take the dry matter decrease during the growing penod into 
consideration. 
It was supposed that the dry matter mass increase was a monotonically 
increasing process. This assumption can be assumed to be correct, if the principal 
controls (thermal, hydrological, radiation, nutrient conditions) were nearly 
optimum. 
The model uses a low number of input parameters which makes it easier to 
deai with. The incorporation of a vanety function would widen the range of use of 
the model. The results calculated with this model apply to the Eastern part of the 
Great Hungarian Plain and to any other place where the average annual variation 
of climatological elements is similar. The model has to meet the requirements of 
both complexity and simplicity. 
Obviously, the use of a large number of variables would provide more 
precise results, provided that the effect of each factor is interpreted correctly, but a 
larger number of calculations would result in a greater risk of errors. 
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If the number of input variables (air temperature, available water in the 
soil, global radiation, nutrient supply of the soil) is compared with international 
models, the present model can be said to deal with a low number of input 
parameters. The accuracy of the developed model is not less than ±10 days and ±1 
t/ha, respectively. This corresponds to the estimation values and precision 
provided by other commonly used international models such as AFRC (Weir et 
al., 1984), CERES (Ritchie and Otter, 1984), TRITSIM (Matthaus et al., 1986), 
SUCROS (Spitters et al., 1987), WOFOST (Supit et al„ 1994), etc. 
Notation 
Main symbols SI units 
T(t) temperature function, with expanded trigonometrical series °C 
H(t) available water in the soil function, " mm/m 
MJ/m /day S(t) solar radiation function, " 
N(t) nutrient supply function, mg/100g 
x R ( t ) standard form of the four response functions, 
n(X) standard form of the four weight functions. 
Pn probable values of minima, " 
Px probable values of maxima, 
t time (in five-day time steps), days 
tbiom biometeorological time, " dimensionless 
Dr total daily dry matter production, " g/plant 
DE ear daily dry matter production. g/plant 
MR product of the four response functions, 
Nw minimum values of the weighting functions, 
MT cumulated total dry matter g/plant 
ME cumulated ear dry matter " g/plant 
DM cumulated dry matter calculated using the model "g/plant 
Y grain yield " t/ha 
Subscripts 
R response function 
n minimum 
X maximum 
bbioni biometeorological 
T total 
E ear 
W weight function 
D model 
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RELATIONSHIP BETWEEN THE PLASMA LEVELS 
OF SEXUAL STEROIDS AND THE DEVELOPMENT 
OF OVIDUCT AND EGG-LAYING DURING PUBERTY 
AND AT THE BEGINNING OF THE SPRING REPRODUCTION 
CYCLE IN DOMESTIC GEESE 
VIKTÓRIA FORGÓ, P. PÉCZELY, DO THI DONGXUAN a n d C s . HARGITAI 
DEPARTMENT OF REPRODUCTIVE BIOLOGY, UNIVERSITY OF AGRICULTURAL SCIENCES, 
GÖDÖLLŐ, HUNGARY 
(Received: 28 October, 1994; accepted: 10 July, 1995) 
Changes in the plasma 17-ß-estradiol (E2), progesterone (P4) and testosterone 
(Т) levels were examined by means of RIA and the width of the cloaca-vagina by means 
of palpation in one-year-old laying geese under outdoor conditions before and during 
puberty at the start of the spring reproduction cycle. During prepuberty, high E2 and Т 
levels (160-180 pg/ml), a low P4 level (500 pg/ml), and an undeveloped (narrow) 
oviduct are characteristic. During puberty, a peak E2 level (180 pg/ml), a markedly 
decreasing Т level (60 pg/ml) and a gradually increasing P4 (7-800 pg/ml) level can be 
observed, and the oviduct starts to develop (categories "medium" and "wide"). When 
laying starts, decreasing E2 (100-120 pg/ml), low Т (30-50 pg/ml) and a P4 peak of 
1000 pg/ml develop in the plasma, and the oviduct reaches peak development (categories 
"wide" and "egg-containing"). Sexual steroid levels in the plasma are correlated to the 
palpation results. The start of puberty and the status just before egg laying can be exactly 
determined with these methods. 
Key words: puberty, goose, oviduct, plasma sexual steroids 
Introduction 
Hormonal changes during maturation are well known in domestic hens and 
Japanese quails (Abs, 1976). As a result of the activation of the hypothalamo-
gonadotropic (Gn-RH, -FSH, LFI) axis a marked production of white follicles 
and, parallel to this, a well-defined oestrogen peak starts to develop in the plasma 
2-3 weeks before the laying season (Senior, 1974). Plasma progesterone levels in 
the domestic hen give a characteristic two-peaked curve before and during 
puberty. The first peak occurs a few weeks before the estrogen peak, and after a 
temporary, marked decrease, starts to increase again just before the laying season 
(Muray et al., 1980). Plasma testosterone levels, which are the same in immature 
hens and cockerels, do not change from the first day of life to laying (Muray et al., 
1980). Testosterone levels are relatively high in young, sexually inactive doves, 
rooks and zebra finches, and decrease during ovarial maturation, while estrogen 
levels increase (Péczely and Pethes, 1979, 1982; Adkins-Reagan et al., 1990). 
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One to five days after the increase in the estrogen level, the development 
and differentiation of the oviduct commence in chickens (Oka and Schimke, 1969; 
Senior, 1974). While only 20% of the magnum tissue consists of epithelial cells in 
immature Japanese quails, this value is 80% just before laying, with 70% of the 
epithel consisting of glandular cells (Pageaux et al., 1986). Estrogens have a 
double effect: on the one hand, they result in tissue proliferation, and on the other 
hand, induce the synthesis of progesterone receptors. By synergizing with the 
estrogens, the androgens play an important role in oviduct maturation, stimulating 
tissue proliferation and de novo protein synthesis. The common effect of 
estrogens, androgens and progestagens is the regulation of ovalbumin secretion 
(Palmitter and Wrenn, 1971; Schimke et al., 1975; Boogard and Finnegan, 1976; 
Tokarz et al., 1979; Compere et al., 1980; Pal et al., 1982; Rantala et al., 1982; 
Elo and Korpela, 1984). However, the synthesis of avidin seems to be regulated 
solely by progesterone (Hora et al., 1986). 
Relatively few data are available on the maturation of the ovary and 
oviduct and on the levels of sexual steroids during puberty in birds showing 
marked seasonality (Chalana and Guraya, 1978; Péczely and Pethes, 1979, 1982; 
Wingfield et al., 1982; Weichel et al., 1986). A possible difference between 
puberty maturation and later seasonal maturations should also be considered. 
The domestic goose is a good model for studying seasonal reproduction 
types, partly because of its body size. Apart from repeated measurements of 
sexual steroid levels, the cloacal-vaginal palpation method, which is very useful in 
practice, was used to check the process of puberty in this species. The present 
study was carried out on one-year-old grey Landes geese before and during 
puberty, and at the start of the first egg-laying cycle. The relationship between 
changes in the plasma estradiol (E2), testosterone (T) and progesterone (P4) levels 
measured by RIA and the actual development of the oviduct determined by 
palpation was examined, as was the relationship between the plasma concentration 
of steroids and egg production. 
Materials and methods 
Animals 
The experimental group consisted of 15 one-year-old female grey Landes geese. The 
animals were kept under natural light conditions in a pen fitted with a running water system. 
During the study (between 27th Dec-mber, 1991 and 13th April, 1992), the birds were fed ad 
libitum with granulated layer feed supplemented with feed lime, and pebbles and for five days 
every month a vitamin mixture was added to their drinking water (JOLOVTT - 2 ml/animal/day). 
The animals were individually marked with aluminium collars. Blood was taken fortnightly 
from the wing vein, simultaneously with palpation. 
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Oviduct categories 
The method of palpation is suitable for checking only marked changes, so this 
categorization may be subjective. If the person carrying out the palpation is always the same and 
uses the same method during the whole experiment, this "subjective" error can be partly 
standardized. 
Four categories of oviduct development were established by palpation: 
- narrow: The oviduct can only be palpated through the cloaca as a thin, strong line the 
size of a pencil lead on the bony surface of the pelvis. The oviductal orifice cannot be palpated, 
and the cloaca is narrow and sticky. 
- medium: The oviduct is as thick as a pencil, or even thicker, the vaginal orifice can be 
palpated and the tip of an average woman's forefinger can be pushed in up to 1-2 mm. 
- wide: When palpating the oviduct, a forefinger inserted into the cloaca slips into the 
vagina, without any hindrance. The oviduct is soft and relaxed when palpated across the cloacal 
wall. The cloaca is wide and its mucus is slippery. 
- egg-containing: A hard (or soft-shelled) egg can be clearly palpated in the uterus. 
Analysis of steroid hormones 
Sexual steroids (T, E2, P4) were determined from the blood plasma by 
radioimmunoassay (RIA) following an extraction by diethylether according to Abraham et al. 
(1971) and Jallageas (1975). 
The results were evaluated by analysis of variance using MinitabR statistical software. 
Results 
Progesterone and egg production 
P4 showed a steady, relatively low level (the average was 500 pg/ml) for one 
month before laying (27th December - 14th January). Laying started on 24th 
January (9 hours and 12 minutes light daily) and plasma levels of P4 were 700 
pg/ml on 22nd January (Table 1). Egg production was not regular at this time. 
The next period, when geese with different reproductive activity reached the same 
level, lasted 19 days (24th January - 11th February). Production increased 
markedly between 11th and 19th February, reaching a peak on the 19th (73%) 
and remaining relatively steady till 22nd March (60%). The P4 level showed a 
similar pattern, increasing parallel with production and reaching a maximum 
(1000 pg/ml) dunng the peak of egg laying (Fig. 1). In the following stage, when 
production remained constant at 60%, P4 decreased markedly till 18th March. 
After 22nd March egg production became less regular and after some fluctuation 
remained at 40% until 31st March. At this stage P4 was a little higher, but this 
change was not significant. By the first days of April, production decreased to 
20% and P4 to 495 pg/ml. This concentration coincided with the values of 
prepuberty (27th December and 14th January). 
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Table I 
P values from analysis of variance in the case of P4 
17 Dec. 6 Jan. 14 Jan. 22 Jan. 5 Feb. 19 Feb. 4 March 28 March 31 March 
1.6 NS 
1.14 NS NS 
1.22 NS NS <0.01 
2.5 <0.001 <0.001 <0.001 NS 
2.19 <0.001 <0.001 <0.001 NS NS 
3.4 <0.01 <0.10 <0.001 NS NS NS 
3.18 NS NS <0.001 NS <0.001 <0.001 <0.05 
3.31 NS NS <0.001 NS <0.01 <0.001 <0.05 NS 
4.13 NS NS <0.001 NS <0.001 <0.001 <0.01 NS NS 
Testosterone and egg production 
The evolution of T levels is reciprocal to the sexual activity of the geese. 
The peak value (202 pg/ml) was observable on 27th December, then it decreased 
gradually till 19th February, when it reached its lowest level (28.14 pg/ml). This 
coincided with the peak of egg production (Fig. 2). As the egg production 
decreased, the T level slowly, but continuously increased till the end of the 
experimental period, and reached a level of 63.3 pg/ml on 3rd Apnl. This increase 
was significant compared to the values recorded on 19th February at the 5% level 
(Table 2). 
Table 2 
P values in the case of T 
27 Dec. 6 Jan. 14 Jan. 22 Jan. 5 Feb. 19 Feb. 4 March 18 March 31 March 
7 б NS 
1.14 <0.05 NS 
1.22 <0.001 <0.01 
2.5 <0.001 <0.001 
2.19 <0.001 <0.001 
3.4 <0.001 <0.001 
3.18 <0.001 <0.001 
3.31 <0.001 <0.001 
4.13 <0.001 <0.01 
E2 and egg production 
E2 showed a constant mean value during prepuberty, between 27th December and 
6th January (166.3 and 165.8 pg/ml, resp ). A small increase to 183.6 pg/ml 
could be seen on 14th January, after which E2 decreased gradually till 4th March 
<0.05 
<0.001 NS 
<0.001 <0.05 NS 
<0.001 NS NS NS 
<0.001 NS NS NS NS 
<0.001 NS NS NS NS 
<0.01 NS NS <0.05 NS 
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6.01 22.01 19.02 18.03 1304 
dale 
number of eggs —x— P4 
Fig. 1. Egg production and P4 plasma level of 15 geese in spring, 1992 
(64 pg/ml). On 18th March, when egg production started to decrease, a temporary 
but dramatic increase in E2 to 254 pg/ml was observed, which decreased to a 
level of 175 pg/ml between 31st March and 13th April. This was equal to the 
starting value in December and January, without a significant difference (Fig. 3). 
High P4 and low T and E2 levels were characteristic of the egg production 
period. When egg production decreased, P4 decreased, T increased slightly, and 
after a transitional increase, E2 decreased as well (Table 3). At the end of the 
experimental penod, when egg production became irregular, the levels of P4 and 
E2 were equal to those of prepuberty, while the level of T was low. 
6.01 22.01 19.02 18.03 13.04 
dale 
—t— number of eggs —x— T 
Fig. 2. Egg production and T plasma level of 15 geese in spring, 1992 
Acta Agronomica Hungarica 44, 1966 
82 VIKTÓRIA FORGÓ et al. 
1 .и. I .1 ........ I И I. ,..-6 
27.12 14.01 5.02 4.03 31.03 
6.01 22.01 19.02 18.03 13.04 
date 
—I— number of eggs E2 
Fig. 3. Egg production and E2 plasma level of 15 geese in spring, 1992 
Distribution of the different palpation categories 
The stock was characterised by a uniformly undeveloped, narrow oviduct 
between 27th December and 6th January. On 14th January, the increase in E2 and 
the results of palpation showed the start of puberty: two out of the 15 geese (13%) 
had medium, and two (13%) had wide oviducts. On 22nd January there were 3 
wide (20%) and only five (33%) narrow geese, while half the stock (46%) had 
medium category oviducts. One of the three wide geese laid its first egg on 24th 
January (Fig. 4). 
Table 3 
P values in the case of E2 
27 Dec. 6 Jan. 14 Jan. 22 Jan. 5 Feb. 19 Feb. 4 March 18 March 31 March 
1.6 NS 
1.14 NS NS 
1.22 NS NS NS 
2.5 NS NS NS NS 
2.19 <0.01 <0.001 <0.05 <0.05 NS 
3.4 <0.001 <0.001 <0.001 <0.01 NS <0.05 
3.18 <0.01 <0.001 <0.001 <0.01 NS <0.001 <0.001 
3.31 NS NS <0.001 NS NS <0.001 <0.001 <0.01 
4.13 NS NS <0.001 NS NS <0.01 <0.01 <0.01 NS 
By 5th February only wide (80%) and egg-containing (20%) categories 
could be found; at that time the stock produced at a level of 26%. 
On 19th February the number of layers in the egg-containing category 
increased again (7, 46%) and the medium category decreased from 80 to 53%. 
There was a production of 73% (11 eggs), which seems to contradict the number 
Acta Agronomica Hungarica 44, 1966 
RELATIONSHIP BETWEEN THE PLASMA LEVELS 83 
6.01 22.01 19.02 18.03 13.04 
dale 
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Fig. 4. Distribution of different vagina sizes during the spring cycle, 1992 
of egg-containing oviducts (7). A possible explanation is the egg collection time, 
which was after palpation. Thus, the 7 eggs collected on the given day and those 
collected the previous afternoon gave the total number of eggs on the 19th. 
The largest number of egg-containing layers (60%) was found on 4th 
March, when there was a wide category of 40%. 
18th March: at a production level of 50-60%, the first layers of medium 
category appeared again (2, 13%), while at the same time 6 wide (40%) and 7 
egg-containing (46%) layers were found. 
31st March: one of the two medium category layers reached the narrow 
phase, and the number of egg-containing layers decreased (33%), while that of 
wide animals increased (53%) compared to the previous examination. In this 
phase there was an egg production of only 30-40%. 
13th April: there was an increase in narrow and medium categones (20% 
and 13%, respectively), and a decrease in the number of egg-containing and wide 
layers (26% and 40%, 4 and 6 birds, respectively), which showed the gradual 
ending of the laying season. On the previous days, egg production was only 13-
20%, so it is probable that the majority of the wide layers did not lay any more 
and the category wide in this case was a transitional phase to the category 
medium. 
Palpation categories and sexual steroids 
Narrow category layers were found just before and at the end of the cycle. 
First a high, then a decreasing T level was measured before the cycle, while at the 
end, the low T levels corresponded to those just before the laying season. The 
medium E2 and P4 levels were almost the same before and at the end of the cycle 
in layers of the narrow category (Fig. 5a). 
In medium category birds, high E2 and medium P4 levels characterized the 
stage before the cycle. In layers of the medium category very low T levels and low 
P4 levels were found at the end of the laying cycle (Fig. 5b). 
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In geese with wide oviducts, a P4 dominance and very low E2 and T levels 
were characteristic (except for 14th January) (Fig. 5c). 
In layers with egg-containing oviducts P4 dominance is very strong 
compared to the two other steroids examined (Fig. 5d). 
900 T 
27.12. 14.01 5.02. 4.03. 31.03. 
6.01 22.01. 19.02. 18.03. 13.04. 
date 
P * Ж P2 О T 
Fig. 5a. Sexual steroid plasma levels in geese with narrow vagina size, 1992 
27.12 14.01 5.02 4.03 31.03 
6.01 22.01 19.02 18.03 13 
date 
04 
E 2 3 P4 ш E2 CZD T 
Fig. 5b. Sexual steroid plasma levels in geese with medium vagina size, 1992 
Discussion 
The above experiment investigated the relationships between plasma steroid 
levels and the development of the oviduct and egg production dunng the 
prepuberty and puberty of domestic geese in the period up to mid-spring. 
Geese hatched in April - though they are potentially ready for reproduction 
- do not show any autumnal sexual activity in October - November, as is 
characteristic of older geese. The cause is probably the juvenile 
photorefractoriness, which "protects" the geese from the metabolically harmful 
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Fig. 5c. Sexual steroid plasma levels in geese with wide vagina size, 1992 
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Fig. 5d. Sexual steroid plasma levels in geese with an egg in the uterus, 1992 
effects of too early a reproductive process (Follett, 1991).effects of too early a 
reproductive process (Follett, 1991). 
At the end of December and in the first half of January, high E2 and T 
plasma levels are characteristic. A rapid decrease in the T level is accompanied by 
a typical, puberty-initiating E2 peak in the middle of January (first described by 
Senior, 1974, in the domestic hen). Later on, the estrogen level decreases till the 
start of laying, and afterwards during the first third of the egg production cycle. 
Based on data from the literature, changes in androgen and estrogen levels dunng 
the puberty of the domestic goose, which shows seasonality, are similar to those of 
the taxonomically very different, non-seasonal zebra finch (Adkins-Reagan et al., 
1990). This fact shows a high degree of generalization in the puberty of birds. P4 
levels in the plasma are low during prepuberty, then, following the E2 peak, they 
start to increase during puberty, reaching a peak at the first egg production peak. 
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This type of P4 curve is markedly different from that of the domestic hen (Muray 
et al., 1980), where there is a relatively low basic P4 level at the start of the laying 
season with some preovulation peaks. 
When egg production decreases, low extents of P4 increase, and high levels 
of E2 can be found. The levels of E2 are equal to those during prepuberty. At the 
same time, T plasma levels are relatively low. 
If the relations of the three sexual steroids and egg production are 
examined, changes in T levels are the reverse of the egg production curve, E2 is 
found to have no correlation with egg production, while P4 has a curve similar to 
that of egg production, but precedes it. P4 shows the same phenomenon in female 
geese as T in ganders (Do Thi Dong Xuan et al., 1995, in press). In both sexes the 
main regulatory hormone peaks develop some days before the development of 
phallus length and semen production, or egg-laying. 
Few data are available on changes in the oviduct during puberty and on the 
relationship between hormone levels and the differentiation of the oviduct. 
Changes in estrogen and progesterone levels in relation to morphology and 
changes in the steroid receptor content of the magnum have been examined in the 
Japanese quail (Pageaux et al., 1984; Pageaux, 1986). Low P4 and intensively 
increasing E2 levels were found when the magnum started to grow, while during 
the fast development of the oviduct a marked increase in the levels of both steroids 
was observed. During the secretion of the magnum constantly high E2 and very 
high P4 levels were found. The authors did not examine the androgens. These 
observations are comparable with those found here in geese, though the two 
studies differ in many details. 
According to the palpation examinations, a "narrow" oviduct is 
characteristic of geese at the end of January (prepuberty). Dunng the E2 peak and 
decrease in T (start of puberty), half of the stock have a "medium" type oviduct. In 
the second week of egg production, about 80% of the stock are in the "wide" 
category, when a marked P4 increase can be observed. On 4th March, at peak 
production time, low E2 and P4 levels are found in the experimental geese ("egg-
containing" category). The hormonal basis of peak production is obviously 
reflected by the data of the preceding two weeks. In the middle of March, a second 
E2 peak probably relates to the fast growing phase of another generation of white 
follicles. Some of these follicles may ovulate two to three weeks later. 
An analysis of plasma steroid levels and the palpation results show that the 
start of puberty can be satisfactory determined with these two methods. This 
means that palpation may be regarded as an exact practical method for goose 
breeders. 
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CHEMICAL RESTRICTION OF BATHOCHROMA-SHIFT 
IN TRITURATED FLOWERS OF DYER'S SAFFRON: 
EFFECT OF AMINES AND AMIDES 
K. SAITO* and Y. ENOMOTO 
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(Received: 4 July, 1995, accepted: 11 September, 1995) 
Both amines and amides restrict the appearance of red colour in triturated flowers of 
dyer's saffron (Carthamus tinctorius). Among the amines, monoethylamine acts most 
strikingly, followed by triethylamine, then diethylamine. Of the amides, thioacetamide 
displays the strongest inhibitory action; butylamide and lauramide also hinder colour 
development, but to a lesser extent. A possible mechanism of the restriction activities of 
amines and amides are discussed on the basis of the experimental data. 
Key words: dyer's saffron (Carthamus tinctorius) flowers, bathochroma-shift, 
chemical restriction, amine, amide 
Introduction 
Mogami-Benibana, a cultivar of dyer's saffron (Carthamus tinctorius L ), 
is a medicinal species cultured in certain regions of Japan. The orange-yellow tube 
flowers are characterized by a bathochroma-shift, which appears after the bursting 
of the capitula. To fully understand the mechanism of this phenomenon, it is 
necessary to examine internal and/or external factors controlling the catalytic 
process. Few data on the transcolour induction are available in the literature 
(Saito, 1992a; Saito and Matsumura, 1993). 
In this paper, we discuss the chemical control of the bathochroma-shift by 
amines and amides, aimed at revealing more details of the transpigmentation 
manifested in dyer's saffron capitula under normal culture conditions. 
Materials and methods 
Ethylamine (mono-, di- and tri-), butylamide, thioacetamide, lauramide, citric acid, 
potassium carbonate and acetone were obtained from the Wako Pure Chemical Company 
(Osaka, Japan). Cellulose powders were purchased from Funakoshi Yakuhin (Tokyo, Japan). 
Tube flowers were gathered from flowering heads of dyer's saffron in early August, 1994. 
*To whom all correspondence should be sait. 
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Fresh flowers (0.5 g each) were crushed in 1 ml solutions containing the given 
concentrations of test chemicals with a pestle in a porcelain mortar. After grinding for 5 min, the 
resulting slurries were left in the air for 25 min at 23 °C. 
A suspension of the reddish orange slurries in 20 ml 0.5% (w/v) K2CO3 was layered on a 
filter paper in a porcelain Büchner funnel, which was sucked with an aspirator. The filtrate was 
kept and the residue resuspended, stirred and filtered again by suction. Citric acid (0.2 g) and 
cellulose powder (0.1 g) were suspended in the pooled extracts, stirred with a magnetic stirrer 
for 10 min and transferred to centrifuge tubes. Centrifugation was carried out at 4000 x g for 5 
min. The supernatant was sucked off and the precipitate suspended in distilled water, which was 
centrifuged at 4000 x g for 5 min. The washing of the precipitate was continued with two further 
additions of fresh water (100 ml) followed by centrifugation (4000 x g, 5 min). 
The pooled acetone extracts (100 ml in total) were used for the spectrophotometric assay 
process. A Hitachi model U-1100 apparatus was used for spectrophotometry. Three to four 
millilitre acetone extracts from the above process were pipetted into a quartz vessel, which was 
set in a cuvette holder. Visible light absorbance at 521 nm was monitored by using 60% (v/v) 
acetone as reference. The data from the spectrophotometric readings were compared with a 
calibration curve to calculate the product content. Each net product content was finally corrected 
by measuring the rates of adsorption and recovery of the reaction product from cellulose 
powders. 
The experimental data are presented in Table 1. 
Results and discussion 
The orange-yellow flowers of dyer's saffron redden gradually when left in 
the air after being ground for several minutes. This is caused by the accumulation 
of a red pigment, carthamme, through the oxidation of precarthamine (Takahashi 
et al., 1985). Similar red colour development is detectable in the field although it 
proceeds far more slowly and steadily than in the experimental model 
Catalytically, the bathochromatic response is controlled by vanous oxidative 
processes, auto-oxidation and enzyme-mediated oxidation (Saito and Takahashi, 
1985; Saito et al., 1983; Saito, 1992b). This transcoloration is known to be 
affected sensitively by certain chemicals: sugars (Saito, 1992a) and amino acids 
(Saito and Matsumura, 1993) promote the catalytic change. 
The data from the present work show that the test amines and amides act on 
the red colour appearance to different extents, usually causing inhibition. Among 
the amines tested at 1-10 000 pM concentrations, monoethylamine is the 
strongest inhibitor (12.1% inhibition on average), while the reducing activities of 
both di- and triethyl derivatives are considerably lower (3.2% promotion and 
2.5% inhibition, respectively). Amides also inhibit the flower colour shift 
The magnitude of the inhibitory action by thioacetamide is most prominent 
(14.1% inhibition on average), followed by butylamide (8.9% inhibition) and 
lauramide (8.2% inhibition). At present, no answer as to why amines and amides 
restrict the batho-shift can be concluded from the expenmental data. It is not clear 
whether the chemicals reduce the colour shift by preventing the oxidative 
transformation of precarthamine, by inhibiting enzymatic catalysis, or both. 
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With regard to amines, their nitrogen-containing groups may play a leading 
role, because, in general, biological substances, including enzyme proteins and 
enzyme substrates, are very sensitive to alkalis. This is clear from the fact that 
the monoamine hinders the batho-shift reaction most prominently: the alkalinity of 
the monomer is known to be stronger than those of the dimer and trimer. 
Table 1 
Effect of amines and amides on the restriction of bathochroma-shift in triturated flowers 
of dyer's saffron 
Compound Concentration (pM) Carthamine formed (pg/ml) Rate 
Monoethylamine 1 16.5 ±1.45 -9.6** 
10 13.6+1.15 ^1.0 
100 14.7 ±0.40 -16.9 
1000 17.0 ±0.98 -23.2 
10000 16.0 + 0.35 -6.8 
Diethylamine 1 19.8 ±0.95 11.9 
10 17.6 ±0.85 -0.6 
100 17.4 ±0.35 -1.7 
1000 17.4 ± 1.40 -1.7 
10000 19.1 ±0.61 7.9 
Triethylamine 1 15.8± 1.19 -10.7 
10 15.9 ±0.44 -10.2 
100 18.4 ± 1.68 4.0 
1000 17.9 ±0.67 1.1 
10000 18.3 ± 1.42 3.4 
Thioacetamide 1 15.1 ±0.71 -14.7 
10 15.7 ±0.60 -11.3 
100 15.0 ± 1.19 -15.3 
1000 15.5 ± 0.51 -12.4 
10000 14.7 ±0.90 -16.9 
n-Butylamide 1 15.8± 1.14 -10.7 
10 15.3 ± 1.00 -13.6 
100 16.8 ±0.55 -5.1 
1000 16.6 ± 1.00 -6.2 
10000 16.1 ±0.81 -9.0 
Lauramide* 1 13.9 ±0.53 -21.7 
10 14.8 ±0.61 -16.3 
100 20.1 ±0.61 13.4 
1000 14.3 ±0.06 -19.0 
10000 18.2 ±0.67 2.6 
""corrected data 
** inhibition 
Blank run was 17.7 ± 1.65 
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As for the amides, on the other hand, thioacetamide hinders the biochemical 
colour change most strikingly. This compound works as an anti-oxidant. Its 
thionyl residue may act as an important instigator for the strong inhibitory action. 
The molecular sizes and/or forms of the test chemicals seem to cooperate in their 
restrictive properties: butylamide reduces the colour shift more strongly than 
lauramide, which is less soluble in water. 
The present work ftirnished new findings showing that amines and amides 
restrict the colour shift reaction in vitro. It should be followed up by investigations 
into the catalytic mechanism of the colour transition process in the floral tissues of 
dyer's saffron and could lead to the development of a Carthamus red colourant for 
processed foods. 
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After fundamental work by de Vries (1901-1903) mutation research developed 
rapidly. The induction of mutants was achieved using physical mutagens (irradiation) 
and this formed the basis of theoretical interpretations. The discovery of chemical 
mutagens led to the elaboration of the water activation theory, while that of the DNA 
structure resulted in molecular interpretations. 
The development of tissue culture methods (somaclones, gametoclones) led to a 
greater increase in genetic variance compared to spontaneous and induced mutations. It 
thus became possible to improve selection techniques. 
Useful results were achieved by combining tissue culture and mutation techniques. 
These can also be applied in combination with molecular markers. 
Chromosome studies to analyse the mutagenic effect of pesticides are closely 
correlated with the field of environmental mutagenesis. 
Data are also presented on the major practical results achieved, listing the varieties 
developed and introduced into production, the mutagens applied and the changes 
induced. 
Key words: induced mutation, mutagen, somaclone, gametoclone, environmental 
mutagenesis, molecular markers 
Mutation theories 
Mutational changes (spontaneously arising in nature and then inherited) 
have been descnbed by many authors since the 14th century, but they were not 
observed accurately and described in detail until de Vries (1901-1903), who was 
the first to use the term mutation. He interpreted his observations chiefly from the 
viewpoint of the evolution theory, but in the case of Oenothere lamarckiana he 
also observed that the ratio of spontaneous mutants increased in plants grown 
from seeds stored for a long time. He thus proposed the artificial aging of seeds in 
order to induce mutations. 
The induced production of mutants began, after initial experiments which 
have not become common knowledge, with the X-ray irradiation of Drosophila 
(Muller, 1928; Hanson and Heys, 1928), Datura (Blakeslee, 1928) and maize 
(Stadler, 1928). 
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It is interesting to note that some time previously Bridges (1919) had 
already established the effect of X-rays in duplicating the chromosomes of 
Drosophila. In later years this was followed by many experiments demonstrating 
an increase in the number of chromosome aberrations as the result of irradiation. 
A theoretical explanation of this phenomenon was first given by Dessauer 
(1922) in his hot point theory, according to which the generated heat changes the 
gene at a sensitive point. Later this concept was further developed by Timofeeff-
Ressovsky et al. (1935) to form the target theory, which states that each lilt 
creates an ion pair which then causes a shift in the gene molecule complex. The 
mathematical model of the irradiation effect makes it possible to make a reliable 
estimation of the size of the genes. 
In contrast to experiments confirming this theory, Giles (1952) found that 
chromosome breakages occur in larger numbers if irradiation takes place under 
oxygen pressure, while oxygen tension before or after irradiation has no effect. 
The further development of this new theory was based on work by Fricke 
(1935), who found that ferro salts in aqueous solution were oxidised to ferri salts 
if exposed to X-rays. In their opinion oxidising radicles and peroxides are formed 
in the water as the result of irradiation. The water activation theory of Weiss 
(1944) broadened this basis by suggesting that the radiation effect was caused by 
the active decomposition products of ionised water. The iomsed water molecules 
decompose into chemically active radicles which react with the compounds 
dissolved in the water the moment they are formed (in statu nascendi). 
The general validity of the target theory was disturbed by the discovery of 
chemical mutagenesis (Auerbach, 1950) and by the ever wider use of chemical 
mutagens. Prior to this Baron (1946) had established the fact that mustard gas 
and X-rays had a similar effect, which could not be explained on the basis of the 
target theory. 
Starting from these two theories Fritz-Niggli (1959) constructed a reaction 
chain for biological radiation effects, including physical, chemical, biochemical 
and biological steps. In the case of plants these steps are illustrated by Sparrow 
and Konzak (1958; Fig. 1). 
In addition to direct radiation effects, wide-ranging research also 
discovered factors which modified radiosensitivity (Gunkel and Sparrow, 1961). 
A detailed discussion of these factors cannot be given here, but will be 
found in the cited literature. It should be noted, however, that the various types of 
factors require different explanations, possibly resting on quite different 
theoretical pillars. 
The following step in me development of the theories was the discovery of 
the DNA structure by Watson and Cnck (1953). 
To start with, attempts were made to correlate the mitosis-inhibiting effect 
of irradiation with the inhibition of DNA synthesis, but no correlation could be 
demonstrated. Endeavours to analyse the base composition of DNA were more 
successful, as shown by the examples given below. 
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ENVIRON M E N T Ü L MODIFICATION 
CHROMOSOMAL DISTURBANCES 
Fig. F Possible sequence of events following irradiation of a seed 
The genetic effect of ultraviolet irradiation depends to a great extent on the 
characteristic absorption wavelength of DNA, which has a peak at around 260 
nm. Two recessive mutants were induced by UV light at 267 nm (Rédei, 1982). 
In nucleic acid irradiation induces the formation of thymine dimers. 
At low pH sodium and potassium nitrates may easily form nitrous acid 
(HNO2), which oxidatively desaminates the nitrogen-containing bases of the 
nucleic acids. As the result of this cytosine is transformed into uracil, adenine into 
hypoxanthine and guanine into xanthine. 
In RNA viruses desamination immediately causes base substitution, since 
uracil is an RNA base. Hypoxanthine is capable of replacing guanine, but 
xanthine is unable to replicate itself with any pyrimidine base, so no mutation 
occurs; instead it leads to inactivation/death (Rédei, 1982). 
These results raised hopes of the controlled production of mutants. In 
isolated or artificial DNA fragments such mutations can be induced deliberately, 
but except through crosses systematic gene transfer can only be achieved as yet 
by transgenic techniques. 
Spontaneous mutability, somaclones, gametoclones, 
induced mutational changes 
Spontaneous mutants 
The first spontaneously inherited change to be reported was the pinnated 
(laciniata) form of Chelidonium majus, observed in Heidelberg in 1550. Since 
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then numerous spontaneous mutants have been observed and described in nature. 
Some mutations, such as albinism, have been found to occur in plants, animals 
and humans. 
The idea of a uniform basic principle was first raised due to the observation 
of parallel changes (Geoffroy St. Hilaire, 1828 in Vavilov, 1922). The best-
known examples of parallel changes are those established by Darwin (1905). 
This idea was further developed by Vavilov (1922), who drew conclusions 
on the homologous series of cultivated crops using an enormous quantity of data. 
According to his hypothesis, all cultivated plants possess a large number of 
common basic traits. In different families the mutational variants of these 
common genes induce similar types of changes. 
Pollhamer (1967) produced 771 mutants of the spring barley variety MFB 
104, which could be grouped in 3 convarieties and 27 provarieties. These agree 
with the forms to be found in nature and again confirm the evolutional 
significance of mutation. 
In examinations carried out using the methods developed by molecular 
biology (RFLP technique) common marker loci were distinguished on tomato 
and paprika (Tanksley et al., 1988), homoeologous genes and genomic DNA 
fragments were found in a similar order in wheat and maize and in wheat and rice 
(Kurata et al., 1994), and many other examples could be given of what, in my 
opinion, indicate spontaneous mutational changes controlled by selection. 
It is still not clear, however, what induces these spontaneous mutational 
changes. 
D'Amato (1956) considered the automutagen compounds arising in seeds 
in the course of aging to be one factor in this. Many plant species contain 
mutagenic compounds, including sulphur-containing substances, amino acids and 
amides, nitrogen-free acids, aldehydes, phenols and quinones, coumarins, 
alkaloids and the decomposition products of nucleic acids. 
The occurrence of euploid and aneuploid chromosome numbers in the cells 
of certain plants is known as aneusomaty. Ives (1950) observed a five-fold 
increase in the ratio of aberrations, especially inversions, on the X-chromosome 
of Drosophila melanogaster compared with the control. This was attributed to 
the presence of a mutagenic gene, to which the name high mutation rate gene (hi) 
was given. In plants Rhoades (1938) had already identified a mutator gene (Dt) in 
maize. This induces the reversion of several recessive alleles at the A locus. In the 
fifties (McClintock, 1950, 1956, 1965) a considerably more complex mutator 
system was demonstrated in maize, the molecular background of which was later 
discovered (Peterson, 1981; Rédei, 1982). 
Mention should also be made of "silent" mutations. Many mutations cannot 
be detected with the usual genetic tools. If the UCA triplet changes to UCG, for 
instance, this is a true mutation, but since both triplets code the same amino acid 
(senne), there is no change in the protein production of the gene. The deviation 
can only be detected if the gene is cloned and the exact base sequence is 
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determined. Such mutations in the wobble position of a codon are probably silent 
very frequently, since they do not change the sense of the codon. Consequently, 
only changes in the first two bases of the triplet are tested. Another type of silent 
mutation occurs in intrones, where they usually have no influence on the function 
of the gene (Weaver and Hedrick, 1991). 
Soma- and gametoclones 
A greater ratio of genetic variability than the spontaneous mutation rate 
(1CU1 - 1СГ6) can be achieved in plants raised from tissue and cell cultures. Larkin 
and Scowcroft (1981) created the term somaclonal variation to describe 
genetically differing forms obtained in vitro. It has been suggested that the 
production of somaclones will make the application of traditional mutagen 
treatments unnecessary. In the absence of any exact comparative experiments in 
this field, a few examples will be presented 
Gracen and Earle (1985) produced 2000 somaclones from the maize line 
W182BN. These had a plant height ranging from 5-100 cm (the height of the 
original line was 200 cm), their fertility was generally poorer than that of the 
initial type and mid-silking averaged 77 days (deviation: 67-90 days). 
Cytoplasmically sterile forms were also obtained. After three years of inbreeding 
60 experimental hybrids were developed. The best combination yielded approx. 
50 % more than the standard (first year data). 
Plants regenerated from pollen haploid cultures are known as gametoclones 
(Picard et al., 1986). In several experiments carried out at a number of growing 
sites, Baenziger et al. (1991) analysed the yield potential of gametoclones 
produced from a number of wheat varieties. Gametoclones of two varieties were 
compared with single seed descent progenies at 3 growing sites. The average 
yield potential of the gametoclones was 10 % lower than that of the single seed 
descent lines. 
Heszky and Kiss (1992) combined the two methods when developing the 
rice variety Dama. They produced pollen haploid plants (gametoclones) from 
microspores through in vitro androgenesis. These were used to produce somatic 
tissues, which were rediploidised to obtain doubled haploid (DH) plants. The new 
variety was obtained by crossing the three stable lines obtained from the seed 
yield. No data are available on the total number of vaneties obtained from 
somaclones. 
According to Vose (1981) 31,000 mutants were produced using traditional 
methods in various research institutes. In Hungary Bálint and Sutka (1966) 
produced 100 mutants from the maize line WF 9, while Dudits and Sutka (1970) 
produced 200 pea mutants from various pea varieties. 
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Development of induction, raising and selection methods for mutants 
The range of physical and chemical mutagens has expanded to a great 
extent over the last few decades. In addition to the well-known mutagenic effect 
of irradiation, many compounds have been shown to have mutagenic effects 
which were not previously considered as mutagens (Igali, 1976; Bálint, 1988). 
These include pesticides and herbicides (environmental mutagenesis). 
Grant (1964) observed pesticide-induced morphological and somatic 
chromosome aberrations in barley. Tonkins and Grant (1976) analyzed the effect 
of herbicides on natural populations. 
Badawi (1973) studied the effect of various pesticides on peas. He, too, 
observed an increase in the proportion of chromosome aberrations, together with 
defective physiological changes in plant development, but these were not 
inherited. Bedő and Füredi (1978) examined the effect of an insecticide, three 
herbicides and various combinations of these on the ratio of aberrations, again on 
peas. Compared to the 0.5% ratio of aberrations in the control, 2.5% was 
observed rn certain treatments. When applying the herbicide Rawixen 50 WP to 
two maize lines, Hargitay et al. (1978) found aberration ratios of 3.32 and 3.43% 
due to the normal dose and 4.70 and 4.69% as the result of a double dose, 
compared to 0.50% for both lines in the control. The values found for the hybrid 
obtained by crossing the two lines were 2.07 and 4.62%, respectively. The 
increase in the ratio of endosperm mutants was also tested and was found to be up 
to 0.22% compared to 0% in the control. 
Among the macronutrients, N deficiency was found to increase the number 
of chromosome aberrations in rye. Stubbe and Döring (1938) carried out 
experiments on Antirrhinum majus and discovered 8 mutants among 587 plants 
in the case of phosphorus deficiency and 23 mutants from 426 plants in the case 
of nitrogen deficiency. Hajósné and Bálint (1978) investigated the opposite case, 
i.e. the effect of high rates of fertiliser (380 and 1180 kg NPK/hectare), in a 
maize hybrid. The ratio of aberrations in the first year of treatment was similar 
due to the drought (control: 0.50%, treatments: 2.81 and 2.94%). In the second 
year, without any further addition of fertiliser, the ratio of aberrations was 1.67 
and 2.33%. 
The use of molecular methods also widened the range of mutagenic factors. 
Insertosomes (IS) in bacteria may contain 800-14,000 base pairs. Every 106 
generations they are capable of jumping from one chromosome to the other twice 
or three times. They may change the phenotype by blocking the intercalated 
genes into which they are inserted and may also affect neighbouring genes. 
The temperate Mu phage exhibits behaviour similar to that of 
insertosomes. It may induce deletions, DNA fusion, inversion, transposition and 
mutation at any locus in the genetic material of the host bacterium. Mutations 
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induced by the Mu phage may be reversed at a different gene location by a 
suppressor mutation (Rédei, 1982). 
Genetic transformation and insertional mutagenesis are amalgamated in 
the experiments carried out by Koncz et al. (1992) using T-DNA. T-DNA is a 
unique insertosome introduced into plants by Agrobacterium. Large plasmids, 
such as the Ti and Ri plasmids of A. tumefaciens and A. rhisogenes, are required 
if plants are to become diseased. The DNA transferred by these plasmids 
(A-DNA) is incorporated into the nuclear genome and induces the synthesis or 
modification of fundamental growth factors (auxins, cytokinins). The controlled 
expression of the T-DNA genes results in neoplastic growth or in hairy root 
proliferation. Other T-DNA genes become attached to special ammo acids or 
sugar derivatives (termed opines), which are specifically recognized and 
catabolized by the Ti and Ri plasmids of Agrobacterium. The wide range of 
possibilities opened up by this method are demonstrated by the authors in 
experiments carried out on Arabidopsis. Kilian and Gale (1991) used RFLP 
patterns to investigate the possibility of inducing mutations in the barley variety 
Triumph. In the M3 generation 26 genotypes were distinguished. The mutagen 
applied was sodium azide. Among the 14,417 restriction fragments for length 
vanation examined, only two unequivocal mutations could be demonstrated. 
Again on spring barley, Kucharska and Maluszynki (1991) studied the 
allozyme variation in 526 mutants onginating from 10 varieties. Phenotypes 
deviating from the standard Atlas variety were found at 9 loci. Of the 36 
allozymes detected 5 were unique for European cultivated varieties and 2 were 
unique in the Hordeum genus. 
Improvements in plant tissue culture methods opened up new vistas in the 
induction of genetic changes. Research into mutation genetics also makes use of 
these possibilities to increase the efficiency of treatments. 
In in vitro cultures the efficiency of mutagenic treatment improves because 
if a cell suspension culture is irradiated, for example, the number of cells which 
are thus treated far exceeds that which could be achieved for crops either in the 
seed or in the plant stage (1 ml cell suspension contains approx. 100,000 cells and 
1 g callus approx. a million). 
Instead of generalisations and methodological descriptions, the combined 
application of the two techniques will be illustrated below on a few examples. 
The first step was to increase the somaclonal variability of the tissue 
culture by means of treatment with mutagens. In experiments on maize, Nóvák et 
al. (1986) were unable to improve the phenotypic vanability of plants arising 
from tissue cultures of line CHI-31 by irradiating immature embryos. 
In experiments on wheat Gao et al. (1991) irradiated the R2 somaclonal 
generation. Some of the treatments were unsuccessful, as in the case of maize, but 
when a suitable dose was applied the frequency of changes in expiants and calli 
was beneficially increased and the spectrum of mutations was extended. 
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Walter and Preil (1981) earned out experiments on Poinsettia (Euphorbia 
pulcherrima). The plants were vegetatívei y propagated using cuttings which were 
rooted at 25 °C. Plant development took place first at 20, then at 18 and 15 °C. 
In order to reduce the initial heat requirement, three of the four suspension 
cultures were treated with X-ray doses of 50, 25 and 25 Gy, respectively. The 
fourth culture was the untreated control. All four cultures were kept at 12 °C in 
order to reduce the heat requirement. Five times as many shoots were formed at 
12 °C in treated cultures than in the untreated control. Further experiments will 
be required to determine whether this change was epigenetic or a true mutation. 
Cséplő et al. (1986) isolated cell lines resistant to antibiotics and to 
photosynthesis-inhibiting herbicides from protoplast cultures of Nicotiana 
plumbaginifolia. The chloroplast and antibiotic-resistant mutants were induced 
using the mutagen N-ethyl-N-nitrosourea. The frequency of cytoplasmic mutants 
resistant to Streptomycin was 2.7 x 1СГ6 (spontaneous) and 8.7 x 10"? (induced). 
These figures were 1.0 x 10*4 and 7.2 x 10-4 for resistance to Lincomycin and 6.6 
x 10"6 and 1.6 x 10 5 for resistance to the herbicide Terbutryn The mutant 
plastids could be transferred from the undesirable nuclear background into 
various backgrounds and various species. 
There are several ways in which the doubled haploid technique and 
mutagen treatment can be combined. Kott (1995) raised globural embryos 
directly from microspores in rape. Irradiation can be carried out either at embryo 
initiation or during the development phase. DH lines produced from irradiated 
haploids were tested with various herbicides and several were found to be 
resistant to glyphosate, chlorsulphuron and imidasolinones. The oil, glucosinolate 
and sinapin contents of the DH lines were identical to those of plants raised from 
seed. 
Szarejko et al. (1995) found another system to be more efficient in barley. 
Due to the great radiation sensitivity of embryos obtained from microspores, the 
seeds of two varieties are first irradiated and then treated with a chemical 
mutagen. Fi plants are then produced by crossing the two В varieties. The 
progeny of these represent the Mi generation. Haploids are obtained from these 
plants using the anther, microspore and bulbosum methods and are used to 
produce DH lines. The DH iM2 plants are selected for homozygosity. This is 
simplified by the fact that there are no chimeras. These results in the 
establishment of true-to-type uniform forms, many of which possess economically 
valuable traits: dwarf, semi-dwarf, eceriferum, low tillering, isozyme activity. 
Experiments on this subject were also carried out by Aldemita and Zapate 
(1991) on rice varieties. The application of the DH technique is often complicated 
by the fact that certain species and varieties are recalcitrant and do not respond to 
treatment or cannot be regenerated. The seeds of 10 varieties were treated with 
various rates of irradiation (0-40 kr). Without treatment it proved impossible to 
raise plants from 4 of the varieties. The effect of the treatment was greatest in 
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varieties which gave a good response even without treatment (IR43, Pokkalin and 
Taipai 309). 
Mutants are often crossed in order to produce new varieties (Szilágyi, 
1978). On other occasions hybrid populations are irradiated. In the irradiated 
plants and their progeny generations many forms of selection are applied, some of 
which will be illustrated below. 
Camargo et al. (1995) attempted to improve the aluminium, manganese 
and iron tolerance of wheat. To start with the Brazilian variety BH-1146 (tolerant 
of Al toxicity and sensitive to Mn and Fe toxicities) was crossed with the 
Mexican variety Siete Cerros (sensitive to Al toxicity and tolerant of Mn and Fe 
toxicities). Hybrid plants selected for Al, Mn and Fe tolerance in nutrient solution 
gave better yields than the control even under field conditions. 
In other crossing combinations it proved possible to improve Fe tolerance 
by means of gamma irradiation. A resistant mutant of the Al-sensitive variety 
Anahuac was developed by treatment with a mutagen. 
Wherever possible it is advisable to apply mass selection. Murray (1971) 
carried out expenments on Menta piperita (2n = 72), in which Verticillium 
caused a 10-15% reduction in the oil yield. Neither species resynthesis, nor 
polyploidisation, nor agrotechnical and plant protection measures were successful 
in protecting the variety from damage by the fungus. As a last possible solution, 
the induction of mutants was begun. 100,000 tillers were irradiated with 1, 2, 4, 
6, 8, 12 and 18 kr doses of gamma radiation, after which they were planted in 
areas severely infected with Verticillium. Within 6 years 99% of the population 
was destroyed. A total of 58,728 plants were raised from the 1 % remaining and 
the 100 best progeny were raised at 3 sites. Finally, a new variety was created 
from line Sel. 92. This was not only resistant, but also had a mentofiirane content 
of 3.3%, compared to 2.6% in the original variety. 
The theoretical background of mutant selection was elaborated in greatest 
detail by Rédei (1974), whose calculations indicated that a large number of 
individuals should be treated, from the progeny of which a small number of plants 
(approx. 4) should be raised. This is more efficient than treating a small number 
of plants and producing a large number of progeny plants from them. 
Practical results 
In breeding practice a wise choice of variety, mutagen and selection 
method is the basis of success. In general mutagenic treatment is used in an effort 
to induce changes in the weak points of varieties which have shown their value in 
production. 
The results obtained by Wellensiek (1965) in peas provide an instructive 
basis for the choice of mutagens (Table 1). 
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Mutation spectrum after four mutagenic treatments y = gamma, N = neutrons, chlor. = chlorophyll 
In absolute numbers As a % of M2 lines As a % of total number of mutants 
(In brackets: No. of lines) Рет m u t a g e n 
(In brackets: total No. of mutants) 
EMS 
У 
N X EMS 
(57) Y (124) 
N 
(72) 
X 
(151) 
EMS 
(72) 
Y 
(22) 
N 
(20) 
X 
(24) 
Chlor, lethal 16 7 1 3 28.0 5.6 1.4 2.0 22.2 31.8 5.0 12.5 
Chlor, sterile 4 0 1 1 7.0 0.0 1.4 0.7 5.6 0.0 5.0 4.2 
Chlor, fertile 21 4 6 10 36.9 3.2 8.2 6.6 29.1 18.2 30.0 41.7 
Total 41 11 8 14 71.9 8.8 11.0 9.3 56.9 50.0 40.0 58.4 
Others, sterile 12 1 2 3 21.1 0.8 2.8 2.0 16.7 4.5 10.0 12.5 
Others, fertile 19 10 10 7 33.3 8.1 13.9 4.7 26.4 45.5 50.0 29.1 
Total 31 11 12 10 54.4 8.9 16.7 6.6 43.1 50.0 60.0 41.6 
Grand total 72 22 20 24 126.3 17.7 27.7 15.9 100.0 100.0 100.0 100.0 
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It is important to note that practical results can only be expected from 
completely fertile mutants. 
Precise data on the plant breeding use of basic stock produced by 
mutagenic treatment have been available since 1964, when the Plant Breeding 
and Genetics Section of the Joint FAO/IAEA Division of Nuclear Techniques in 
Food and Agriculture was set up within the framework of the International 
Atomic Energy Agency in Vienna. This organisation efficiently promoted the 
development of research activities in this field. 
The present situation will be illustrated on the basis of data reported by 
Maluszynski et al (1995). The total number of mutant varieties in 1994 was 
1790 of which 484 were ornamentals. Of the 1306 crop plants, 1237 are grown 
from seed, while 69 are propagated vegetatively. 828 of the 1306 vaneties are 
cereals, 211 legumes, 54 vegetables, 72 oil-bearing crops and 61 industrial crops. 
Of the cereals the largest number of mutant varieties has been developed for rice 
(322), followed by 240 for barley, 140 for wheat, 47 for maize, 25 for durum 
wheat and 54 for various other species. Of the 1237 mutant varieties grown from 
seed, 719 were developed directly by mutation and 518 after crossing. 
The range of mutagens applied (Table 2) and the changes induced (Table 3) 
are illustrated on the basis of experiments carried out on rice. The most important 
of the mutagens is gamma radiation, while the major mutants are semi-dwarf and 
early forms. There are also a large number of cold- and salt tolerant forms. It is 
also worth mentioning the six countries which possess the largest number of 
mutant vaneties: China, with 304 varieties (16.98% of the total number), India 
with 243 (13.58%), USSR+Russia with 209 (11.68%), the Netherlands with 176 
Table 2 
Number of mutant varieties induced by various mutagens 
Type No. of mutant varieties 
Physical mutagens 194 
Radiation 192 
- gamma rays 166 
(gamma rays chronic) 37 
- X-rays 14 
- neutrons 9 
- other 3 
Laser 2 
Chemical mutagens 23 
N-methyl-N-nitroso urea (MNH) 9 
Ethyl methanesulphonate (EM) 8 
N-ethyl-N-nitroso urea (ENH) 4 
Ethyleneimine (EI) 1 
Ethylene oxide (EO) 1 
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(9.83%), Japan with 115 (6.42%) and the USA with 93 (5.20%). 
The literature on mutations would fill a library, so it has only been possible 
to outline the main trends here. It is hoped that this review will provide ideas for 
those working on mutation research and will encourage further investigations into 
this subject. 
Table 3 
Examples of characters improved by mutations in rice 
Character No. of mutant varieties 
Semidwarfness 128 
Earliness 111 
Tillering 24 
Tallness 23 
Grain quality 17 
Blast tolerance 14 
Adaptability 12 
Glutinous endosperm 12 
Salt tolerance 10 
Cold tolerance 6 
Photoperiod insensitivity 6 
Lateness 2 
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Obituary 
OBITUARY OF ISTVÁN TAMÁS S Y 
1924—1995 
Professor István Tamássy, Chairman of the Editorial Committee of Acta 
Agronomica Hungarica from 1985 to 1994, was head of the Plant Breeding 
Department of the University of Horticulture and Food Industry until his 
retirement in 1990, also serving as rector of the university from 1984-1990. As a 
researcher he achieved lasting results in the breeding of horticultural plants. He 
became interested in the problems of resistance at a time when the environmental 
protection movement was still in its infancy, and was well aware of the fact that 
the strengthening of natural resistance through genetic measures opened up new 
prospects for both growers and traders. He developed state registered varieties 
which became widespread in practice. Breeding techniques to counteract 
environmental stress effects also played a role in his research programmes. His 
work on frost and drought tolerance, and on the cultivation of almonds on eroded 
and barren karstic areas brought him international repute; his new varieties were 
awarded a bronze medal at the Amsterdam horticultural exhibition and three gold 
medals in Hamburg. 
As rector of the University of Horticulture and Food Industry he achieved 
considerable success in developing the scientific potential of the university. The 
international significance of his scientific work was recognized in his election as a 
foreign member of the Soviet Academy of Agricultural Science in 1978 and in 
the Hungarian State Prize awarded in 1980. 
István Tamássy played a significant role in the organisation and scientific 
coordination of Hungarian agricultural research. He was elected Chairman of the 
Agncultural Section of the Academy by secret ballot for three successive cycles, 
from 1977 to 1990. This period was one of spectacular development in 
Hungarian agriculture. The favourable natural conditions, the rapid adoption of 
up-to-date foreign technologies, the relatively liberal agrarian policy and the 
satisfactory marketing opportunities led to rapid growth. Although considerable 
contradictions in terms of profitability also accumulated behind these quantitative 
indices, this fact was effaced by the per capita cereal, meat and fruit production 
figures, which were some of the highest in the world. 
It was due in great part to István Tamássy that these production results 
came to be credited not only to farm managers and state officials, but also to 
researchers and university staff, as examples of the utilisation of the intellectual 
potential present in Hungarian agncultural research and development. One of his 
main achievements as Chairman of the Agncultural Section was the renegotiation 
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of the relationship between the Academy and the Ministry of Food and 
Agriculture, whereby the heads of the two institutions came to an agreement on 
joint programmes and actions. This new relationship was able to bear the 
occasional well-meant criticism and suggestions as to what new problems were 
threatening, and what steps should be taken to avoid them. 
István Tamássy made a memorable speech at the plenary session of the 
1978 General Assembly of the Academy on the situation and future prospects of 
Hungarian agriculture and food industry. He saw quite clearly that progress was 
only possible in terms of qualitative development, adaptation to new 
circumstances, and the discovery and utilisation of latent biological reserves. He 
also urged that the conditions required for a high standard of education, research 
and technological development in agriculture should be guaranteed in the long 
term if the competitiveness of the whole food economy was to be maintained. 
During the last years of his life, when he was fully aware of the seriousness 
of his illness, István Tamássy bore his burden with great self-discipline, setting a 
fine example of how to come to terms with the inevitable. 
István Tamássy died in Budapest on June 25, 1995. 
I . L Á N G 
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Book reviews 
P. L. WOOMER and M . J. SWIFT (Eds): The 
Biological Management of Tropical Soil 
Fertility. John Wiley and Sons, Chichester, 
New York, Toronto, 1994. 245 pp. 
I S B N 0 471 95095 5. 
Agricultural production is highly 
influenced by the essential factors of natural 
resources. Among these, soil fertility is of 
considerable importance. Soil fertility is 
determined by a wide range of physical and 
biological processes. Many of these are not 
understood well enough by agriculturists. 
Failure to understand the complexities of 
tropical soil fertility has resulted in the lack of 
well-integrated management strategies, and 
this has led to the recognition of the fact that 
agricultural systems must become more 
sustainable if the food requirements of future 
generations are to be met. 
Books have their own fates, as do 
human beings. When they are bom, each of 
them has the chance of a mission to enrich 
mankind. Unfortunately, only a few will avoid 
being imprisoned in never-disturbed 
bookshelves, and will encounter a creative 
human brain. I am quite certain that this book 
will be one of these. 
The book covers nearly all fields of 
soil fertility, including soil organic matter 
management, nutrient use efficiencies, 
manipulation of the soil water regime, and the 
potential for the utilisation of soil fauna for 
soil fertility improvement. However, it cannot 
be dismissed as a sort of comprehensive 
handbook, since it is somewhat more than 
that. It has a twofold structure, combining 
theoretical and practical knowledge in each 
chapter. Most of them have useful lists of 
references as well. 
There are nine multi-author chapters, which 
have been prepared in the form of a 
continuous discursive text. The authors have 
all worked together and have built up a sort of 
common philosophy. Chapter 1 offers a fairly 
brief introduction to soil fertility research 
with a consideration of sustain-ability. 
Chapters 2, 3 and 4 deal with plant nutrition 
problems involving soil biological processes 
in tropical ecosystems and organic matter 
management. 
Chapter 5 summarizes the field of soil 
physics and fertility with respect to water, 
temperature and texture. The next two 
chapters give detailed information about 
microfauna and organic matter dynamics. 
Chapter 8 describes a case study of the 
biological management of soils in an Indian 
shifting agricultural system. The last chapter 
of the book gives a detailed summary of the 
biological management of tropical soils. 
Several research results are presented 
concerning integrating processes in research 
and farm practice. 
The book is supported by a well-
designed subject index and an appendix listing 
the TSBF Programme Centre Research Sites 
involved in this scientific work. Last but not 
least it should be noted that the book 
represents the usual good quality level of the 
John Wiley and Sons Publishers. The size, 
structure and proportions are really 
acceptable. However, despite the value of the 
book it should be mentioned that many of the 
figures presented are of rather mediocre 
quality. 
The final conclusions of the reviewer 
hark back to the first paragraphs. This book is 
rather more than a handbook; it is a very 
useful everyday tool in the workshop of 
scientists dealing with this subject 
M . JOLÁNKAI 
BÉLA GAÁL: Collective marketing in 
agroeconomics, Mezőgazdasági Kiadó, 
Budapest, 1995. 133 pp. 
ISBN 963 8439 52 1 (In Hungarian) 
Nowadays, when considerable 
changes are occurring in the market situation 
of agricultural and food products both at 
home and abroad, and the tactics previously 
used in the competition for markets are 
proving ineffectual, the book entitled 
"Collective marketing in agroeconomics" by 
Béla Gaál deserves special attention. The 
author provides a wide-ranging examination 
of collective marketing, its system of 
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relations and the most important 
international marketing organisations, chiefly 
oriented to export activities. Among other 
things, an analysis is given of the 
development and operation of the central 
marketing organisations functioning in the 
USA Japan, France, Great Britain and 
Germany. The organisation evaluated in the 
greatest detail is the CMA, the German 
collective agricultural marketing 
organisation. By summarising international 
experience, discussing the special 
characteristics of collective marketing and 
comparing the advantages and disadvantages, 
the book offers a large quantity of new 
knowledge to both researchers and practising 
economists. 
Special attention should be drawn to 
the analysis of the attempts already made in 
Hungary to set up collective marketing 
organisations, including a description of the 
collective food marketing initiative "Gutes 
aus Ungarn", a discussion of the results and 
failures experienced by various forms of 
organisations and financing systems, and a 
broadly-based evaluation of the status of the 
Hungarian food marketing programme. This 
subject is closely linked with an analysis of 
the role and significance of trade marks 
indicative of origin and quality both in 
gaining domestic and foreign markets and in 
expanding export openings. There is every 
reason to conclude that markets can only be 
won m the face of stiff competition with 
products bearing a registered trade mark 
guaranteeing their quality. This end will be 
served by the introduction and application of 
an official trademark granted only to 
Regularly Inspected High-Quality Hungarian 
Products. 
The basic aim of the author was to 
encourage the setting up of a collective 
marketing organisation which would promote 
the adaptation of Hungarian agroeconomics 
to the marketing conditions of the European 
Union, while improving the chances of 
finding markets for Hungarian agricultural 
and food products by adopting the practices 
of countries with a flourishing market 
economy. 
In addition to providing a critical 
evaluation of international experience and a 
summary of the author's research in this field 
in order to demonstrate the possibility of and 
conditions for the development of a collective 
agricultural marketing organisation in 
Hungary, the book will also serve as an 
indispensable reference work to broaden the 
range of literature available to those actively 
involved in market research and organisation 
in Hungary. 
The book is based on a competently 
handled methodological basis. Some of the 
methods also provide information on market 
research. For readers wishing to deal in 
greater depth with the subject of marketing, 
the extremely comprehensive list of 
references will serve as a useful source of 
information. 
The primary intention of the author 
was to promote a widening of the marketing 
knowledge of experts from small and large 
Hungarian companies and enterprises, but the 
structure of the book will also fit it for use as 
teaching material for university and 
management training courses. 
P. SASS 
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SOLANUMCHACOENSE LINES WITH DIFFERENT ALKALOID 
CONTENTS - A POTENTIAL SOURCE OF GENES INVOLVED 
IN LEPTINE SYNTHESIS 
D. SlLHAVY1 , Á. SZENTESI2 a n d ZSÓFIA BÁNFALVI l x 
'AGRICULTURAL BIOTECHNOLOGY CENTER, H-2101 GÖDÖLLŐ, P.O. BOX 411, HUNGARY; 
2
 PLANT PROTECTION INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, H-l 525 BUDAPEST, 
P.O. BOX 102, HUNGARY 
(Received; 25 January, 1996; accepted: 2 April, 1996) 
The loss of crops by insect pests runs to billions of pounds per year worldwide. Although a 
few resistance-related genes have already been isolated (for example Bt toxin and proteinase 
inhibitors), the limiting faclor in the biotechnological approach is still the availability of structural 
genes and regulatory elements which positively contnbulc to breeding for insect resistance 
Glycoalkaloids in certain tuber-bearing Solanum species have been implicated as natural 
pest controls In this study , we have isolated three lines of Solanum chacoense Bitter with 
different foliar glycoalkaloid contents. Supporting previous results we have shown that the 
resistance for Colorado potato beetle is in correlation with the lcptinc (acety latcd form of solamnc 
and chaconinc) production in the foliage Based on ihc analysis of different accessions and 
segregating populations we have concluded that the three S. chacoense lines we have isolated 
may represent the final enzymatic steps in leptine synthesis. Using these lines the corresponding 
genes can be isolated by differential screening or map-based cloning Since all commercial potato 
cultivars produce solamnc and chaconinc. we hope that the introduction of the two S chacoense 
genes into S. tuberosum may rcsull in Colorado potato beetle resistant cultivars in the near future 
Key words: Colorado potato beetle, insect resistance, gly coalkaloid 
Abbreviations: Sol. solanidinc; OH-sol. hy droxy-solanidinc: Ac-sol. acctyl-solanidinc. 
СРВ. Colorado potato beeile 
Introduction 
Crop plants are susceptible to attack by herbivorous insects, hence plant 
geneticists have been breeding crops with improved resistance to insect pests for 
decades. The novel and powerful methods of plant biotechnology can be applied to 
reduce development time. 
Colorado potato beetles (СРВ, Leptinotarsa decern!ineata) are the most 
destructive pests of potato. Some degree of plant resistance combined with other 
control measures may be needed to adequately control СРВ. The expression of 
Bacillus thuringiensis delta endotoxin (Bt) gene in transgenic potato plants provides 
a powerful method for СРВ control (Perlak et al., 1993). Results from laboratory 
selection experiments, however, show that the evolution of resistance to Bt is 
possible in beetles (Tabashnik. 1994). The introduction of other СРВ resistance 
^Corresponding author: fax 36-28-330-482 
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genes could reduce the likelihood of the insects developing resistance. 
A few rare plants in certain accessions of M chacoense Bitter were found to be 
nearly immune to the Colorado potato beetle. High levels of leptine glycoalkaloids 
were detected in the foliage of these plants (Sinden et al., 1986a). 
Glycoalkaloids possess insecticidal properties and specific forms of 
glycoalkaloids have been shown to affect the degree of feeding deterrence. Leptines. 
the acetylated forms of solanine and chaconine, are the most potent insect repellents 
(Sinden et al., 1986a). Solanine and chaconine carry the same aglycone solanidine 
(Sol), but differ in their sugar moiety. In commercially-available S. tuberosum 
cultivars, 95% of the total alkaloid fraction consists of Sol. Most S. chacoense 
accessions also synthesize Sol, but only a few are able to produce a hydroxylated 
form (OH-sol), and clones that also synthesize the acetylated aglycone (Ac-sol) are 
extremely rare (Sinden et al., 1986b). 
Leptine glycoalkaloids are present in foliage and absent in tubers (Tingey. 
1984). By transferring the ability to acetylate solanidine to S. tuberosum, it might be 
possible to breed potato cvs. that are resistant against СРВ, yet have nonnal types 
and levels of glycoalkaloid in the tubers. The segregation of the leptine 
glycoalkaloids within S. chacoense indicates that a single gene (or two genes) may 
control the acetylation of solanine and chaconine to leptines (Deahl and Sinden. 
1987). 
The transfer of leptine synthesizing ability into S. tuberosum was attempted by 
fusing cells from wild and commercial potato plants and growing the fused cells into 
hybrid plants. Unfortunately, however, the introduced wild genome influenced not 
only the glycoalkaloid composition, but also resulted in the reduction of tuber size 
and yield (Berberich, 1988). 
Advances in plant biotechnology have created new opportunities to isolate and 
transfer the gene(s) into potato. Differential hybridization or positional cloning 
methods can be applied to isolate genes if one plant expresses the trait of interest and 
the other does not. 
Here we report the isolation of three S. chacoense lines with different alkaloid 
compositions and the analysis of their resistance against СРВ. These lines represent 
the putative steps in acetylation of solanidine and can be used as starting materials to 
isolate insect resistance genes. 
Materials and methods 
Plant materials 
Potato plants (Solanum tuberosum cv Désirée) and different accessions of the diploid relative 
Solanum chacoense Bitter were used. True seeds of three S. chacoense accessions (PI 320294. 
PI 458310, PI 458313) were obtained from the Potato Introduction Station. Sturgeon Bay. Wisconsin, and 
one accession (PI 320287) was kindly provided by S.L. Sinden (USDA-ARS Vegetable Laboratory. 
Beltsville) Plants were grown in a greenhouse and vegctatively propagated from cuttings on MS medium 
(Murashige and Skoog, 1962). 
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Glycoalkaloid extraction and analysis 
Glycoalkaloid extraction and analy sis were done according to Gregory et al. (1981). with minor 
modifications. Leaf samples ( 1 g) were boiled for 10 min in 20 ml of cthanol acidified with acctic acid 
(5%. v/v). The resulting extracts were evaporated to dryness, redissolvcd m 1 ml of 50% acctic acid, and 
filtered. Sufficient ammonia to raise the pH to 11.0 w as added, the solution warmed to 70 °C for half an 
hour and cooled overnight at 4 °C. The precipitate was collected by cenlnfugation at 10.000 * g and the 
pellet was dried at 70 °C The supernatant was rcduced to dryness in a boiling water bath. 5 ml of water 
was added, and the dry ing proccss was repeated. The dried materials were collected and hydroly sed for 
two hours at 68 °C in 0.4 ml of IN mcthanolic HCl. The liberated aglyconcs were extracted from the 
hy droly sate by adding 0.8 ml of concentrated ammonia, followed by 0.4 ml of chloroform After mixing 
and separating the chloroform lay er was removed and washed with water The agly cones were separated 
on TLC silica gel plates (MERCK 5554) and developed with cthylacctate/cyclohexanc (55/45. v/v). The 
alkaloids were iodine stained 
( PB larva! survival test 
A larval survival test was earned out as this trait proved to be sufficiently sensitive to measure 
plant resistance (Cantclo cl al.. 1987) The insect tests were performed at the Plant Protection Institute of 
die Hunganan Academy of Sciences, under greenhouse conditions (natural day length, temp nun 14. 
max 41 °C). The 5-8 cm tissue culture-grown S chacoense accessions were potted into stcam-stenli/ed 
greenhouse soil (a mixture of 1/3 brown loam : 1/3 compost 1/3 sand) and cov ered with jars to prov ide 
an initially high relative humidity The jars were temporarilv removed for a longer period each day and 
were removed completely after two weeks. When the plants possessed 4 - 6 compound leaves and just 
before the start of flowering. 5- 7 cm diam and 10-15 cm long nylonslccvcs were fixed on them covering 
all the compound leaves. Ten first instar СРВ larv ae hatched from ficld-collcclcd eggs and allowed to 
consume the chorion, were introduced into each of the sleev es 
The survival of tire larvae was monitored until the last (fourth) instar On every 3rd day tire 
number of larv ae alive and the dev elopmental stadia reached were recorded The sleeves were transferred 
to another compound leaf on the same plant if necessary 
As a control, greenhouse grown Solanum tuberosum cv Désirée was used 1Ъс number of 
replicates was 10 plants for accession PI 320287 A15. 9 for PI 320287.A6. 10 for PI 320294 HI and 15 
plants for lire potato control 
The data collected were first submitted to homogeneity testing, then ANOVA was performed, and 
finally the LSD-test was used for multiple mean comparison The SPSS and STATISTICA program 
packages were used 
Results 
Isolation of S. chacoense lines with different glycoalkaloid compositions 
In order to study the genetic background of glycoalkaloid synthesis, we 
attempted to find N. chacoense lines with difYerent alkaloid compositions. 
The alkaloid contents of 45 plants from four N. chacoense accessions were 
analysed on TLC plates. Three accessions. PI 320287, PI 458313 and PI 458310, 
had been described as lefHjne-synthesi/.ing accessions (Sinden et al., 1986b). S. 
chacoense PI 320294, like N. tuberosum, was known as a solanine and chaconine 
producer (McColluin and Sinden, 1979). 
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Fig. I Alkaloids detected in different Solanum plants Lane 1. S tuberosum c\ Désirée leaf: 
lane 2. S. chacoen.se PI 320287.A6 leaf: lane 3, S. chacoen.se PI 320287 A15 leaf: 
lane 4. S. chacoense PI 320287. A15 tuber; lane 5. standard (kindle provided by S.L Sindcn) 
The foliar alkaloid contents of the plants examined are shown in Fig. 1 and 
Table 1. High segregation ratios were detected for Ac-sol (leptine aglycone). Only 1 
out of 22 individual plants from the accession PI 320287 contained Ac-sol in high 
concentrations. In accession PI 458310 the occurrence of Ac-sol were also very rare 
and the level of this compound was quite low. No plants with Ac-sol were found in 
the accession PI 458313. but only 2 sibs were tested. The individuals of accession PI 
320294 and S. tuberosum synthesized only Sol, as expected from previous studies 
(McCollum and Stnden. 1979). 
Three plants with different alkaloid compositions were selected for further 
expenments: PI 320287.A15 with Sol. OH-sol and high foliar Ac-sol content; PI 
320287.A6, a plant derived from the same accession but synthesizing only Sol and 
OH-sol; and Pl 320294.H1 producing only Sol. 
All plants were vegetatively propagated for two years. The alkaloid 
composition of the lines was stable, even in stem cultures grown in vitro. 
Glycoalkaloid composition of different tines and organs of S. chacoense 
We compared the glycoalkaloid pattern of different S. chacoense lines and 
organs. Glycoalkaloids were separated on TLC plates and the expression levels were 
estimated by comparison with standards. 
In the case of PI 320287. Л i S the highest OH-sol and Ac-sol concentrations 
were detected in the leaves and petioles. The glycoalkaloid content of the stem was 
much lower, albeit with both Sol derivatives being present. No OH-sol or Ac-sol was 
found in the tuber; only Sol could be detected (Table 2). The foliar alkaloid contents 
of the lines were identical w ith those found in the previous experiments (Table 1 ). 
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Table I 
Alkaloids dctcctcd in different Solanum species and accessions 
Species Accessions Number of Alkaloids detected* 
plants tested Sol OH-sol Ac-sol 
S chacoense PI 320287 1 + + + 
21 + + -
PI 458310 1 + + * 
17 + + -
PI 458313 2 + + _ 
PI 320294 3 + — -
S. tuberosum 7 + — _ 
" +: high content of alkaloids delected; * low amount of alkaloid detected. 
- alkaloid not dctcctcd or only in traces 
Resistance of S. chacoense accessions to ( 
There were significant differences in larval survival between the various 
accessions and S. tuberosum cv. Désirée (Table 3). A significant difference 
developed by the 10th day. The lowest ability to survive was shown on accession PI 
320287.A15. Larval development was also slowed down on this accession. While 
larvae reached the third and fourth (final) stadia on accessions PI 320287.A6 and PI 
320294.H1 and on the control by the 15th day, mostly second and third instars were 
present on PI 320287.A15, and only a few final instars were recorded. The 
cumulative larval mortality on Pl 320287.A15 became considerable as compared to 
other accessions and to the control (Fig. 2). 
70 
DAYS 
О • Л6 
- a - i n 
- о - Л15 
-л-- CONTROL 
Fig. 2. Cumulative larval mortality of the Colorado potato beetle on three accessions of A chacoense and 
on S. tuberosum cv. Dcsircc Abbreviations: A6, PI320287.A6; H1, P1320294.H 1 ; A15. P1320287.A 15 
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Table 2 
Alkaloid composition in different S. chacoense lines and organs 
Lines Organs Alkaloids detected" 
Sol OH-sol Ac-sol 
S chacoense 
PI 320287.A15 leaf ++ ++ +++ 
petiole ++ ++ +++ 
stem + + + 
tuber ++ - — 
PI 320287 A6 leaf + + + ++ -
PI 458310 D i l leaf +++ ++ + 
Pl 320294.Hl leaf + + + - -
a
 +++: high: ++: medium: +: low; - : glycoalkaloid not detected, 
or only in traces 
Discussion 
We have isolated three individual plants of S. chacoense Bitter with different 
alkaloid compositions: Sol , OH-sol, Ac-sol ; Sol . OH-sol, Ac-sol ; and Sol , 
OH-sol, Ac-soL. The plants were derived from four accessions. Although three 
accessions were described previously as leptine-synthesizing (Ac-Sol ) only 2 out of 
the 42 plants tested in our experiments possessed this phenotype. This result is in 
agreement with earlier data that showed an extremely wide segregation for resistance 
to Colorado potato beetle based on the leptine content (Sinden et al., 1986a). It 
appears that either the non-leptine sibs do not have the potential for leptine synthesis, 
i.e., they lack the gene(s) for acetylation, or the gene(s) are repressed during the entire 
development of the plants (Sinden et al., 1986b). The reason for the high segregation 
ratio for leptine content is still unknown, but the leptine synthesis is stable under 
vegetative propagation for years. We can speculate, however, that the ability for 
leptine synthesis may be associated with a certain kind of rare chromosomal 
reanangement (for example tr ansposition). 
To investigate the spatial patterns of glycoalkaloids in PI 320287.Al5 plants, 
we isolated and separated them from different organs. The leaves and petioles 
expressed Sol, OH-sol and Ac-sol at the same level. This indicates that they are 
resistant to insect attack and their glycoalkaloid synthesis is regulated similarly. The 
stem produced less, but the same type of glycoalkaloids. The tubers contained only 
Sol. Besides Sol, Sinden et al. (1986a) detected trace amounts of OH-sol in tubers; 
however, they detennined the alkaloids by more sensitive HPLC and GLC methods. 
Leptines were not detected in greened or injured tubers (Sinden et al., 1986a and this 
study), suggesting that the acetylation is under strict tissue-specific control. 
The results obtained with the Colorado potato beetle indicated a veiy 
substantial level of resistance in S. chacoense against this insect. The manifestation 
of mortality was slow and variable, however, as some individuals did complete 
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Table 3 
Larval mortality m the Colorado potato beetle on S. chacoense accessions 
Mean (±SD) number ofiarvae alive 
Plant After 5 days1 After 10 days2 After 15 days3 
S. chacoense A6 (N=9) 9.X ± 0.4a 9.1 ± 0.9a XX ± 1.1a 
HI (N=10) 9.9 ± 0.3a 9.6 ± 0.7a 9.4 ± 0.7a 
A15 (N=10) 9.3 ± 0.7a 5.3 ± 2.5b 3.4 ± 2.6b 
S. tuberosum (N= 10) 9 2 ± 1.6a 9.1 ± 1.5a 9.1 ± 1.6a 
Data were not homogeneous even after log-transformation 
'ANOVA was not sig. (F=1.32: df=3; p=0.2824); 2ANOVA was sig. (F=16.49; 
df=3; p«0.()()01): 'ANOVA was sig. (F=31.39; df=3: p « ( ) . 0 0 0 l ) . Means 
marked with the same letters in the same column arc not significantly different at 
the p=0.05 level (LSD-test) 
development. This indicates that some larvae successfully coped with the 
glycoalkaloids metabolically. As leptines act as antifeedants (Sinden et al., 1986a), it 
is possible that mortality was caused by starvation. 
All X. chacoense plants produce Sol, but few contain OH-sol and only rare 
plants synthesize Ac-sol. The presence of Sol and OH-sol in all Ac-sol containing 
plants suggests that the Ac-sol is synthesized via OH-sol from Sol. Thus, two 
different genes may be involved in the acetylation. 
We have selected three closely related S. chacoense lines representing two 
putative steps in the acetylation of Sol. These plants may be used to isolate genes 
involved in leptine synthesis by differential screening or by map-based cloning. Once 
we have the genes, we can introduce them into potato via Agrohacterium mediated 
transformation together with their regulatory elements to initiate leptine synthesis and 
thereby resistance to Colorado potato beetle. 
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DROUGHT TOLERANCE STUDIES ON WHEAT/RYE 
DISOMIC CHROMOSOME ADDITION LINES 
B. KŐSZEGI , E. FARSHADFAR, A . VAGÚJFALV1 a n d J . SUTKA 
AGRICULTURAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, 
MARTONVASÁR, HUNGARY 
(Received: 15 D e c e m b e r , 1995, a c c e p t e d : 26 February, 1996) 
Drought is one of the major abiotic environmental stress factors that reduce wheat 
yields worldwide In our experiment, chromosome addition lines of Secale cereale L. cv. 
Imperial to Triticum aestivum L cv. Chinese Spring were tested for drought lolcrancc in 
growth chambers in the Martonvásár phytotron Three different moisture regimes were 
created: E l . fully irrigated control. E2. mid-season water stress (preanthesis), E3 terminal 
water stress during grain filling Data were analysed to evaluate relative water content 
(RWC) and general adaptability in each disomic addition line It was concludcd that genes 
controlling these drought tolcrancc indicators arc loeated on chromosomes 4R, 5R and 7R in 
rye variety Imperial. 
Key words: Triticum aestivum. Secale cereale. disomic addition, drought tolerance 
Introduction 
The genetic vulnerability of the wheat crop to biotic and abiotic 
environmental hazards has increased, so the collection, maintenance and 
evaluation of wild species of Triticum and related genera, which are adapted to a 
broad range of environments and carry a large reservoir of useful genes 
responsible for resistance to biotic and abiotic environmental stresses, have been 
a continuing concern to wheat scientists throughout the world (Maan. 1987; 
Khush and Brar, 1992; Kalloo, 1992). 
Breeding for drought tolerance by selecting solely for grain yield is 
difficult, because the heritability of yield under drought conditions is low, due to 
small genotypic variance or to large genotype-environment interaction variances 
(Blum, 1988; Ludlow and Muchow, 1990). 
Osmoregulation is one of the most important components of drought 
tolerance (Loss and Siddique, 1994; Al-Dakheel, 1991). The consequences of 
osmotic adjustment are a tendency to greater relative water content and a small 
amount of relative water loss (Schonfeld et al., 1988; Yang et al, 1991; Wang 
and Clarke, 1993; Haley et al., 1993). Drought resistance is evidently one 
component in stability, and in cases where the environments vary mainly as 
regards the water regime, stable genotypes could be physiologically classified as 
drought resistant (Clarke. 1987; Singh, 1989; Bidinger and Witcombe, 1989; 
Blum, 1992; Acevedo and Fereres, 1993). 
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The studies conducted so far offer information about the genetic basis of a 
large number of baits, but the genetics of drought-related characters is complex 
and not adequately understood and little information is available on the genetics 
of the characters associated with drought tolerance (Osmanzai et al., 1988; 
Arraudeau, 1989; Borojevic, 1990). Therefore, there is a need for approaches to 
focus more upon the genetic aspects, identification and management of 
adaptational genes (Morgan, 1989). Disomic addition lines, in which a single 
pair of homoeologous chromosomes from related species is added to the full 
chromosome complement of the recipient can be used to identify alien 
chromosomes carrying genes controlling drought tolerance indicators (Mahmood 
andQuarne, 1993). 
The present investigation was carried out to reveal iye chromosomes 
carrying genes responsible for relative water content and general adaptability in 
disomic addition lines of Chinese Spring/Imperial iye. 
Materials and methods 
Seeds of the disomic chromosome addition lines of Imperial rye (2n=2\=14) to Chinese 
Spring (CS) wheat (2n=6x=12) were developed by Driscoll and Scars (1971) and arc maintained at 
the Wheat Genetics Resource Center. Kansas State University. Manhattan. Seeds of Chinese Spring 
arc maintained at the Cereal Gene Bank in the Agricultural Research Institute of the Hungarian 
Academy of Sciences. Martonvásár. 
The seeds were germinated in Petri dishes on wet filter paper. After 21 days of 
vernalization, the seedlings were transplanted into pots measunng 20 <20 '20 cm. each containing 7 
kg of a heat sterilized (24 h. 82 °C) 3:1:1 mixture of garden soil, peat and sand. The pots were 
arranged in a completely randomized block design w ith three replications. Each pot was considered 
as an experimental unit. The length of the growing season for the plants in the Martonvásár 
phytotron was 17 weeks, with temperatures gradually increasing from an original day temperature of 
14 °C and night temperature of 10 °C with a 13.5 hour day. In the 17th week, the plants were kept at 
day and night temperatures of 24 °C and 20 °C. respectively, with a 15.5 hour day. The relative 
humidity in the growth chamber was 64% during the day and 76% during the night. The 
photosynthctic photon flux during the growing season ranged from 270 to 350 pmolm vs '. 
Irrigation was manipulated to create three different moisture regimes: El. a fully irrigated 
control treatment, in which each pot was watered every day according to the water requirements of 
the plants: E2. a mid-season water stress from floral initiation (preanthesis) to flowering, after 
which the plants were rewatered until maturity : E3. a terminal stress, where the plants were not 
w atered from flowering until maturity (grain filling). 
Relativ e water content (RWC): flag leaves were picked and weighed to obtain fresh weight 
(FW). Drv weight (DW) was obtained after oven-drying for 24 It at 90 °C. RWC was determined 
from the equation given by Alt Dib et al. (1990): 
RWC (%) =|(FW-DW)/FW] * 100 
Because the variance due to genotype-environment interaction was significant, the analysis 
was continued to estimate the stability of disomic addition lines ov er three different water regimes, 
using Wricke's ccovalcncc method (Becker and Leon. 1988) as follows: 
wi = I j ( Yij - Yi. - Y . j + Y..)2 
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where wi is the ecovalcnce of the ilh genotype. Yij is the mean performance of genotype i in the jth 
environment. Yi. and Y.j arc the genoty pe and environment mean deviations, respectively, and Y.. is 
the overall mean. 
Results and discussion 
The results of analysis of variance for the relative water content (RWC) of 
disomic addition lines under E2 (mid-season stress = preanthesis) and E3 
(tenninal stress = postanthesis) regimes are presented in Table 1. 
Table 1 
Analy sis of variance for RWC for disomic addition lines under 
E2 and E3 water stress conditions 
Mean square 
Source of variation D F . R W C 
E2 E3 
Disomic additions 14 45.26* 125.93* 
Replications 2 4.69 4.10 
Error 28 15.99 21.01 
* Significant at P=0.01 
The results of analysis of variance revealed highly significant differences 
between disomic addition lines for relative water content. The mean values of 
RWC are presented in Table 2. 
The average of the mean perfonnance of RWC ranged from 65.58 for 
disomic addition 2R to 80.99 for disomic addition 4R. Significant differences 
were found between chromosome 4R and the recipient under E2 water stress 
conditions ana for 1R, 3R, 4R, 5R and 7R under E3 conditions. The average 
perfonnance of disomic additions 3R. 4R. 5R and 7R was significantly higher 
than that of the recipient for RWC. No significant difference was found between 
the rest of the disomic additions and the recipient. 
Dedio (1975) evaluated the usefulness of the RWC of excised leaves as an 
index in screening for drought resistance. The most drought resistant cultivar. 
Pitic 62. always had the highest water content; therefore, he concluded that RWC 
was useful in screening for drought resistance. Recently the importance of RWC 
as a good indicator of water status in wheat was also proposed by Schonfeld et 
al. (1988). It has also been emphasized that the measurement of osmotic 
adjusttnent for its use in breeding programmes can be simplified through the 
measurement of RWC (Morgan, 1989; Singh, 1989). 
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Table 2 
Mean comparisons between disomic addition lines and the recipient (CS) 
for RWC under E2 and E3 water stress conditions 
Disomic additions E2 ЕЗ Average 
CS/lmpcrial rve 1R 69.80 78.00* 73.90 
2R 66.97 64.20 65.58 
3R 70.33 82.53** 76.43* 
4R 81.47** 80.52** 80.99** 
5R 73.20 77.30* 75.25* 
6R 68.57 68.00 68.28 
7R 69.63 84.83** 77.23* 
Chinese Spring (CS) 67.47 67.87 67.67 
**. * Significant at P=0.01 and 0.05, respectively 
The results of combined analysis of variance for disomic addition lines are 
presented in Table 3. As the results reveal a highly significant difference for 
genotype-environment interaction, the analysis was continued in order to estimate 
the phenotypic stability of disomic addition lines using the ecovalence method of 
Wricke (Becker and Leon, 1988). The results of stability analysis on the disomic 
addition lines are presented in Table 4. 
The results of stability analysis indicated that the ecovalence of disomic 
addition lines ranged from 0.94 for 5R to 25.93 for 6R. Chromosome 7R also 
exhibited wi values much lower than that of the recipient (CS). 
Besides high yield, consistency over environments is much desired for the 
commercial exploitation of a variety. Wricke's model was employed as a stability 
measure. This statistic, tenned ecovalence (wi) is simpler to compute and more 
directly related to genotype-environment interactions. Genotypes with wi = 0 are 
regarded as stable. According to the meaning of the word ecovalence such stable 
genotypes possess high ecovalence (low values of wi = high ecovalence) (Becker 
and Leon, 1988; Lin and Binns, 1994). 
Table 3 
Combined analysis of variance for grain y ield of disomic addition lines 
under three different water regimes 
Source of variation D. F Mean square 
Genotypes 14 19.56 
Environment 7 378.16* 
Replication/Environ 6 6.18 
Genotype/Environ 28 11.80* 
Error 84 2.88 
* Significant at P=0.01 
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Table 4 
Stability analysis of disomic addition lines under three different water regimes 
( E l . E2 and E3) using Wrickc's ccovalcncc method 
Disomic addition lines wi 
CS/Imperial rvc 1R 6.66 
2R 7.04 
3R 4.87 
4R 23.45 
5R 0.94 
6R 25.93 
7R 1.96 
Chinese Spring (CS) 9.92 
Joint consideration and overall judgement with regard to the values of 
RWC and wi in each disomic addition line indicated that in Imperial rye most of 
the genes controlling these drought tolerance indicators are located on the 
chromosomes 4R. 5R and 7R. 
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HYBRID SEED SET AND MEIOTIC ANALYSIS 
OF F! AND F2 PLANTS IN AN INTERSPECIFIC WHEAT 
HYBRID (T. AESTIVUML. x T. DURUMDesf.J 
H. Ö Z K A N , Í. GENÇ, andT. YAGBASANLAR 
DEPARTMENT OK FIELD CROPS, FACULTY OF AGRICULTURE, UNIVERSITY OF ÇUKUROVA, 
01330 ADANA, TURKEY 
(Received: 5 August , 1994; accep ted : 15 O c t o b e r , 1995) 
In this research, the seed setting and meiotic analysis at the metaphase-I stage were 
studied in the pcntaploid Fi and pentaploid derived F? generations of interspecific hy brids 
between Triticum aestivum x T. durum. The seed setting and germination of the hybrid 
seeds were higher in T. aestivum x T. durum hy brids than in T. durum x T. aestivum It 
was determined that pcntaploid F| plants showed 5.441 + 13.64й and 0 72 multivalent at 
metaphase-I. The number of chromosomes varied from 2n = 28 to 2n = 41 in the 
populations 47 F2 plants out of 96 had chromosome numbers 2n = 29-32. As the 
chromosome number approached 2n = 28 or 42 the number of univalents at metaphase-I 
decreased. In contrast, as the chromosome number approached 2n = 35 the number of 
univalents increased. Plants with 29-38 chromosomes also showed multivalent associations 
As a result of this study, it was concluded that the selective homoeologous pairing of D 
genome chromosomes in the pentaploid can be exploited as a source for the natural transfer 
of genes from the D genome of the hexaploid variety Seri-82 to the tctraploid variety 
Balcali-85 This may be adv antageous for the improvement of tctraploid wheats 
Key words: hybrid seed set, interspecific hybridization, meiotic analyses, 
T. aestivum. 7 durum 
Introduction 
Interspecific wheat hybrids have been extensively investigated 
cytologically in order to obtain a better understanding of the evolutionary 
relationship of species (Feldman. 1966; Driscoll, 1981) and to introduce 
desirable traits from alien species into hexaploid or tetraploid wheat. Hexaploid 
and tetraploid wheats have frequently been crossed. As early as 1982 Kihara 
cytologically investigated pentaploid hybrids. Since then several researchers have 
carried out meiotic analysis in pentaploid F] and F2 hybrids. The purpose of such 
crosses has usually been to transfer disease resistance or some other 
characteristics from one species to the other (Knott, 1987). The end result desired 
was usually the improvement of hexaploid wheat. The purpose of this study was 
to determine the chromosome pairing at metaphase-I and the chromosome 
segregation in crosses of Triticum aestivum x Triticum durum. 
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Materials and methods 
In this study, the common wheat (Triticum aestivum L.) cultivar Seri-82 was crossed with 
the durum wheat (Triticum durum Desf ) cultivar Balcali-85. The reciprocal crosses were also 
made Emasculation and pollination were carried out under field conditions with the techniques 
given by Özgen( 1983). 
The seeds obtained from the crosses were germinated under laboratory conditions. The 
chromosome number was observed in root-tip mitosis using the Feulgen squash method given by 
Darlington and La Cour (1963). During the winter, all the seedlings were grown in the greenhouse 
and transplanted to the field in early spring. Several immature spikes of the Fi hy brids were fixed in 
1:3 acetic acid-alcohol for 24 hours. Other spikes of Fi plants were self-pollinated Fixed spikes 
were stored in 70% alcohol at 0 -4 °C. Pollen mother cells (PMCs) were stained with acetocarmin. 
The seeds obtained front Fi plants in which hexaploid wheat was used as the female parent, 
were germinated under laboratory conditions, after which the chromosome number was observed in 
root-tip mitosis using the Feulgen squash method. All the seedlings were grown in pots until the 
booting stage and then transplanted to the field Immature spikes of F2 plants, in which chromosome 
numbers were counted, were fixed in 1:3 acetic acid-alcohol for 24 hours. Staining was carried out 
as above. 
Statistical analyses (t-test) were carried out using transformed values to angles of 
percentages in individual spikes. 
Results and discussion 
The seed set number and germination obtained in reciprocal crosses 
between T. aestivum and T. durum are given in Table 1. 
The seed set and germination ability was higher if the female parent 
was hexaploid than in the reciprocal cross. Similar results were observed 
by Topaktas (1985) in T. aestivum x 7. turgid um crosses. However, Belea 
(1992) reported that the hybrid seeds germinated better if the species with 
the larger chromosome number was used as female parent, while in the 
reciprocal cross the seed setting was better, though germination vigor was 
poorer due to the shrivelled state of the seeds. 
Probably, the main reason for the high seed set in '/'. aestivum x 
T. durum was the crossing technique used, and particularly the climatic 
Table I 
Seed set number, percentage seed set and germination percentage in 
T. aestivum x T. durum and T durum x T. aestivum 
Crosses No. of florets Seed set Germination 
pollinated No. % % 
T. aestivum x T. durum 494 188 38.1 62.5 
T. durum x T. aestivum 454 140 30.8 60.5 
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Table 2 
The mean and range of meiotic configurations in the Fi hybrids (/'. aestivum x T. durum) 
Cross 2n No. of Configuration 
PMCs Univalent Bivalent Multivalent 
T. aestivum x T. durum 35 30 5.44 13.64 0.72 
(4-7) ( 1 3 - 1 4 ) ( 0 - 3 ) 
conditions prevailing during the crossing studies. At the same time, the 
associated drop in seed setting can be counterbalanced by using biotypes or 
cultivars with good combining ability. 
The mean and range of meiotic configurations in the Fj hybrids 
(T. aestivum x T. durum) are given in Table 2. 
The number of bivalents varied between 13 and 14, the number of 
univalents between 4 and 7, and the number of multivalents between 0 and 3. 
Love (1941) reported that the average meiotic chromosome associations per cell 
in 706 pollen mother cells were 7.51, 10.811, 0.4™, 1.1IV, 0.02v and 0.01VI. Miazga 
(1986) found that the average meiotic chromosome associations in PMCs were 
7.421' 13.4611, 0.08m and 0.05 ,v. On the other hand, Tomar and Kochumadhavan 
(1990) reported that the pentaploid Fj hybrid had 13.52+0.21 bivalents and 
7.78+0.23 univalents. However, no other chromosome configurations were 
observed by them. 
The number and percentage of plants with various chromosome numbers 
in the F2 generations of the 7'. aestivum x T. durum cross are given in Table 3. 
The chromosome numbers in the pentaploid-derived F2 were determined 
in 96 randomly chosen plants of the 7'. aestivum x T. durum cross. The 
chromosome number ranged from 28 to 41. The frequency of plants with 28-34 
chromosomes was higher (67.5%) than the frequency of plants with 36^41 
chromosomes (26.2%). A high proportion of plants with 30, 29, 31 and 32 
chromosomes was also found (13.5, 11.4, 1 1.4 and 11.4). Ivanova and Ranis 
(1974) and Tomar and Joshi (1988) reported that the frequency of plants with 
28 or 29 chromosomes was higher than the others, but Kiin (1970), Kaltsikes et 
al. (1970), Makino (1974) and Shnaider and Dorokhova (1985) found that the 
frequency of plants with 28-34 chromosomes was lower than that of plants with 
36-42 chromosomes. It is assumed that all classes of gametes were formed, but 
that they did not function with the same efficiency. Meanwhile, it was found thai 
only one plant had 39 chromosomes, while there was no plant with 42 
chromosomes. 
The asymmetric distribution of chromosome numbers may be explained in 
various ways. For example, Tomar and Joshi (1988) suggested that asymmetric 
distribution could be due to the elimination of univalents during micro-
sporogenesis and megasporogenesis, competition in pollen tube growth, selective 
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Table 3 
Number and percentage of plants with various chromosome numbers in the F2 generation of the 
T. aeslivum * T. durum cross 
Chromosome 
No. (2n) 
No. of 
plants 
0/ /О 
28 8 (8.3) 
29 11 (11.4) 
30 13 (13.5) Diminishing group 
31 11 (11.4) 67.5% 
32 и ( 1 1 4 ) 
33 6 (6.3) 
34 5 (5.2) 
35 6 (6.3) 
36 6 (6.3) 
37 7 (6.3) 
38 6 (6.3) 
39 1 (1.0) 
40 2 (2.1) 
41 3 (3.1) 
42 
Total 96 100 
fertilization and the elimination of unbalanced gametes through zygotic or 
endospermic media. 
Chromosome pairing during meiosis in F2 plants of pentaploid hybrids (T. 
aesln um x T. durum) with various chromosome numbers is given in Table 4. 
It was assumed that the plants having 2n = 28 somatic chromosomes were 
disomic, those with 2n = 41 chromosomes were monosomic and one of the 
plants with 2n = 40 chromosomes was a double monosomic, because they 
exhibited 14", 20° +l 'and 19"+2'in metaphase-I, respectively. At the same time, 
there were high numbers of univalents in metaphase-I in the caryological groups 
found intermediate from the point of view of chromosome numbers (Table 4). 
Univalents are believed to give rise to telosomics by misdivision of the 
centromers at anaphase I or anaphase II of meiosis (Sears, 1952a; 1952b). The 
telosomics can in turn give rise to isosomics by failure of the chromatids of the 
telosomics to separate at anaphase I or anaphase II of meiosis, but plants with 
isosomic or telosomic chromosomes were not observed in the F2 progenies of the 
T. aeslivum x T. durum cross in this study. 
As the chromosome number approached 2n = 28 or 42 the number of 
univalents at metaphase-I decreased. In contrast, as the chromosome number 
approached 2n = 35 the number of univalents at metaphase-I increased. 
Multivalent association was observed in the F2 progenies of the pentaploid 
hybrid (Table 4). The presence of multivalents (trivalents and quadrivalents) 
among the aneuploids may be attributed to homoeologous pairing or the 
Increasing group 
(26.2) 
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Table 4 
Chromosome pairing during meiosis in F 2 plants of pentaploid hy brids 
(T aestivum x T. durum) with various chromosome numbers 
2n of No. of Configuration 
F? plants PMCs Univalent Bivalent Multivalent 
28 50 _ 14 _ 
29 50 0.75 13.75 0.25 
30 50 
( 0 - 1 ) 
0.85 
( 1 3 - 1 4 ) 
14.57 
31 66 
(0-2) 
2.18 
( 1 4 - 1 5 ) 
14.15 0.11 
32 50 
(1-3) 
2.14 
( 1 3 - 1 5 ) 
14.41 0.05 
33 50 
(0-4) 
3.44 
( 1 4 - 1 6 ) 
13.90 0.55 
34 70 
(2-4) 
1.90 
(13 -15) 
14.74 0.30 
35 55 
(0-6) 
3.28 
( 1 4 - 1 6 ) 
15.35 0.41 
36 50 
(2-7) 
2.00 
(14 -16) 
16.38 0.41 
37 56 
(0-4) 
3.36 
(15 -18) 
16.55 0.14 
38 50 
(1-5) 
1.47 
(15 -17) 
18.00 0.18 
39* 
(0-4) (17 -19) 
40 50 1.02 19.02 -
41 50 
(0-2) 
1.00 
(19 -20) 
20.00 
42* -
(1) (20) 
-
* Plants with 2n = 39 and 42 chromosome numbers were not observed 
involvement of translocations. If this is true, the pentaploid hybrids and 
pentaploid-derived F2 may provide useful material for breeding. 
The fact that plants with the chromosome combinations 14и+1' and 1511 + 
(1 to 4)1 occurred, indicated that D diplosomics could be obtained from these 
crosses. 
As a result of this study, it was concluded that the selective homoeologous 
pairing of D genome chromosomes in the pentaploid can be exploited as a source 
for the natural transfer of genes from the D genome of the hexaploid variety 
Seri-82 (7'. aestivum) to the tetraploid variety Balcali-85 (T. durum). This could 
lead to the improvement of the tetraploid. 
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CANNABINOID CONTENT OF FOREIGN AND DOMESTIC 
FIBRE HEMP VARIETIES CULTIVATED IN HUNGARY* 
GIZELLA PETRI , P. VESZKI, P. OROSZLÁN, and G. TURIAK 
INSTITUTE OF PHARMACOGNOSY, SEMMELWEIS UNIVERSITY OF MEDICINE, BUDAPEST, 
HUNGARY 
(Received: 3 0 May, 1995; a c c e p t e d : 15 N o v e m b e r , 1995) 
The cannabinoid contents of different fibre hemp varieties from the former Soviet 
Union. Italy . Romania, China and France as well as from Hungary were compared The 
psychotropic Д'-tetrahydrocannabinol (Д ' -ТНС) content of the Kompolt hemp varieties 
cultivated in Hungary can be considered very low (similar to that of a number of Soviet and 
Italian varieties), whereas the A'-THC content of the v ariety UN1KO-B slightly exceeds this 
level. The Kompolti TC hy brid can be classified on the basis of its cannabinoid content as a 
hashish-type hemp 
In some of the varieties A'-THC and cannabidiol (CBD) contents arc very similar 
whereas in many varieties the CBD content is 2 -5 times higher, corresponding quite well 
with the fibre hemp character Nevertheless, taking into account the fact that CBD may be 
converted into A'-THC in the course of sowing, it would be of advantage to aim also at a 
decrease in CBD in the course of breeding. 
Key words: Cannabis saliva L., fibre hemp varieties, cannabinoids. classification 
Introduction 
Hemp (Cannabis saliva L.) continues to be an important industrial plant, 
cultivated in Hungary on about 1000 hectares. 
When breeding novel hemp varieties agricultural experts aim at attaining 
favourable morphological and phenological properties, at increasing the stem 
yields (high fibre content), and at an improvement in the quality of the 
obtainable fibre. Hemp, however, is also known as a medicinal herb (Mechoulan, 
1986) and often as a source of narcotics (marihuana, hashish) (Mechoulan, 
1970). The characteristic compounds found in this plant are the cannabinoids, 
whose amount and ratio, particularly the amount of psychotropic A' -THC, are 
both genetically and ecologically dependent (De Zeeuw et al., 1972). However, 
the laws governing this field have only been cleared up partially so far, in that the 
existence of four phenotypes differing from each other has been established. 
Many groups of research workers are engaged in investigating the 
composition of cannabinoids in individual phenotypes (Baker and Fowler, 1978; 
* This publication contains data from the period 1978-1988 
+ Corresponding author, former name G. Vcr/.ár-Pctri 
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Braut-Boucher, 1978; Caddy, 1967; Doorenbos et al., 1971; Fairbain and 
Liebmann, 1974; Fairlic and Fox, 1976; Fettermann et al., 1971; Hoffman and 
Yang, 1972; Sammí and Cronquist, 1976), but up to the present only a few data 
are available concerning the psychopharmacological potential of varieties grown 
on an industrial scale. 
The present work aimed at investigating several European hemp varieties 
grown for their high fibre yield from the aspect of their cannabinoid 
composition, which has been generally neglected, and at classifying them into 
groups according to their psychotropic and non-psychotropic cannabinoid 
contents. In the course of the studies comparative chemical analyses were carried 
out on varieties grown on an industrial scale in the major hemp-growing 
countries. The varieties investigated here represent about 90% of the hemp-
growing area of Europe. 
The intention behind this work was to supply Hungarian authorities 
dealing with the investigation of narcotics and forensic cases with data on the 
hemp varieties found in Hungary as registered varieties or in general cultivation 
(Bócsa, 1958, 1961, 1966; Bócsa et al., 1969). 
Materials and methods 
The Hungarian fibre hemp samples were obtained from the Agricultural Research Institute 
of Gödöllő University of Agricultural Sciences in Kompolt, thanks to Prof. Iván Bócsa. the hemp 
breeder of the Research Institute. Hashish hemp varieties were cultivated in cooperation at the 
Agncultural Research Institute of the Hungarian Academy of Sciences, Martonvásár, using seeds 
received from the UNESCO Narcotic Laboratory, Vienna. 
The major cannabinoid standards, д'-tetrahydrocannabiol (Д'-ТНС), Д16- tetrahydro-
cannabiol (Д1,6-ТНС), cannabinol (CBN), cannabidiol (CBD). and cannabichromene (CBC) were 
also received from the UNESCO Narcotic Laboratory and were separated and quantified by gas-
chromatography. The whole procedure, including sample preparation, has been published elsewhere 
(Veszki, 1980; Petri et al , 1995) (Fig. 1). 
The classification of the hemp varieties was performed according to Small and Beckstead 
(1973) as follows: 
I. Д'-ТНС > 0 . 3 % ; C B D <0.5% 
II. Д'-ТНС > 0 . 3 % ; C B D >0.5% 
III. Д'-ТНС <0 .3%; C B D >0.5% 
IV. Д'-ТНС <0 .3%; CBD + C B D <0.5% 
Results and discussion 
The former Soviet Union heads the list of countries which grow fibre 
hemp. However, the cannabinoid contents -df the Soviet varieties vary 
considerably. The lowest A'-THC content (0.20% in the bracts) is exhibited by 
the dioecious type Ermakovskaya mestnaya which, according to the classification 
of Small and Beckstead (1973), belongs to the fibre hemps. In contrast, the 
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Soviet varieties Krasnodar 56 (0.74% Д'-ТНС content in the bracts) and JUS 6 
(0.98% Д'-ТНС content in the bracts) belong on the basis of their cannabinoid 
contents to the group of hashish hemps. 
In Italian hemp varieties the difference between the Д'-ТНС contents is 
smaller than that between the Soviet hemp varieties. No Italian hemp variety 
shows an outstanding Д'-ТНС content. 
In the Romanian variety Fibramulta the male inflorescences of the plants 
contain 0.65% Д'-ТНС and the female inflorescences 0.47%. In the case of this 
variety it is of particular interest that - in complete contrast to the general rule -
not the female but the male inflorescences showed higher percentages of Д1-
THC. No satisfactory explanation can be found for this phenomenon, and 
unfortunately there has been no opportunity to repeat these investigations. 
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Table 1 
Changes m the cannabinoid content of the inflorescences as a percentage 
(fibre hemp from Kompolt) 
Cannabinoid Beg of flow ering Full flowering Difference LSD 
Total x = 2.711 x = 2.509 0.202 LSD5O„= 0.071 
LSD,o0 = 0.095 
Cannabidiol x = 0.764 x = 0.655 0.109 
LSDso„ - 0.024 
LSD 1 % = 0.032 
Cannabichromene x = 0.420 x = 0.355 0.065 
LSD5O„ = 0.016 
LSD,.0 = 0.022 
Tetrahydrocannabinol x =1.377 x = 1.274 0.063 
LSD5% = 0.058 
LSD,o 0= 0.077 
The Hungarian fibre hemps (Kompolt) (Fig. 2, Table 1) contain less Л1-
THC than the hybrid variety, UNIKO-B Fb and the dioecious hybrid. The A1-
THC content of the latter is approximately the same as that of the Soviet variety 
Jus 6. 
When comparing the cannabinoid content of the Kompolt hemp variety 
grown on the largest area in Hungary with those of the other varieties 
investigated it can be stated that the Kompolt hemp variety belongs to the group 
of fibre hemps. Its Д'-ТНС content can be considered as low, being 
approximately the same as the Д'-ТНС content of the Italian varieties and of a 
number of Soviet varieties (such as Dneprovskaya 4, Dneprovskaya 5, 
Dneprovskaya Odnodainnaya, Jus 4 and Jus 9). The variety Ermakovskaya 
mestnaya contains much less Д'-ТНС, whereas both the Krasnodar varieties and 
Jus 6 contain more Д'-ТНС than the above-mentioned varieties (Figs 3, 4, 
Table 2). 
The Chinese hemp breeding materials investigated disclosed high Д'-ТНС 
contents and proved to belong to the group of hashish-type hemps. 
Hemp plants which run wild can adapt themselves fairly easily and thus 
many hemp varieties occur as weeds in Hungary as elsewhere. Studies were also 
made on real wild hemp, called ( 'annabis saliva L. ssp. rudera/is in the system 
of Serebryakova and Sizov (1940). 
In the course of the studies investigations were made on samples of wild 
hemp made available to us by courtesy of Prof. Iván Bócsa, The Д'-ТНС content 
in the bracts of these samples (0.47%) was nearly the same as the Д'-ТНС 
content in the bracts of the variety UNIKO-B. The Д'-ТНС content of the leaves 
was 0.31% (Song et al., 1970; Verzár-Petri et al., 1979; 1981; Veszki et al., 
1980). 
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In hashish hemp cultivated in the Hungarian climate, the Д'-ТНС content 
decreased compared to that grown at the site of origin. For example, Mexican 
hemp had 3.46% Л'-ТНС content at the beginning of flowering and 3.05% at full 
flowering (Fig. 5). The relevant data for Thai hemp (which is very similar to the 
Indian variety) were found to be 1.33% and 1.38%. According to Fairbain (1974) 
hemps of tropical origin cultivated in England had a considerably decreased A1-
THC content. The present results support this idea, because Mexican hemp 
grown under domestic conditions has about 7% Д '-ТНС, and Thai hemp about 
4.8% (Doorenbos et al., 1971). 
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Table 2 
Cannabinoid composition of industrial textile hemp varieties 
Varieties Plant organ 
д'-тне CBC CBD CBC Classific.* 
Krasnodar 35 petal 0.475 0.054 0.590 0 .198 II 
Soviet flower 0.407 - 0.356 0 .407 II 
dioecious leaf 0.331 0.030 0.582 - 11 
Dneprov skaya 4 petal 0.413 0.059 1.042 0 .206 II 
Soviet flower 0.257 0.054 0.487 0 .247 III 
dioecious leaf 0.150 0.050 0.452 0 .030 IV 
Jus 1 petal 0.248 0.099 0.555 - III 
Soviet leaf 0.059 - 0.075 - IV 
monoecious 
Jus 4 petal 0.248 0.069 0.592 1.168 III 
Soviet leaf 0.257 - 0448 - IV 
monoecious 
Ermakovskaya petal 0.200 - 0.426 0.148 III 
mestnaya 
Soviet flower 0.050 - 0.228 0 .208 IV 
dioecious leaf 0.080 - 0.178 — IV 
Fibramulta petal 0.426 - 1.800 0.317 11 
Romanian flower 0.653 0.055 - 0.653 11 
dioecious leaf 0.249 - 0.239 - IV 
Fibranova petal 0.276 - 0.602 0 .158 III 
Italian flower 0.232 - 0.888 0 313 III 
dioecious leaf 0.259 - 0.139 0 .139 IV 
Carmagnola petal 0.339 0.083 1.710 0 .229 II 
Italian flower 0.276 0.054 0.730 0 .237 111 
dioecious leaf - - 0.130 - IV 
C S X petal 0.367 - 1.008 0 .198 II 
Carmagnola flower 0.266 - 0.788 0 .364 III 
Italian leaf 0.137 — 0 148 - IV 
Kompolt petal 0.247 - 0.781 0 .138 111 
Hungarian flower 0.309 - 0.319 0 .399 II 
leaf 0.200 - 0.300 — IV 
Kompolti hybrid petal 0.900 0.090 1.018 0 .200 II 
dioecious 
Chinese flower 0.492 0.069 0.502 0.551 11 
monoecious 
Chinese leaf 0.410 - 0.280 0 .120 I 
dioecious 
Chinese petal 1.163 0.030 0.520 0 .270 11 
unisex leaf 0.508 - 0.916 0 .169 и 
Chinese flower 0.591 0.028 - 0.284 [ 
dioecious leaf 0.420 - - - 0.140 1 
Chinese leaf 0.746 - 0.011 0.128 I 
monoecious 
* Classific.: Classification by Small and Bcckstcad 
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EFFECT OF COAL FLY ASH APPLICATION 
ON THE ELEMENTAL COMPOSITION 
AND YIELD OF SOME CROPS 
AND ON THE PROPERTIES OF A CALCAREOUS SOIL 
U . R. K.HANDKAR, M . S .GANGWAR, P. C . SRIVASTAVA a n d M . SINGH 
DEPARTMENT OF SOU. SCIENCE, ü li. PANT UNIVERSITY OF AGRICULTURE 
AND TEC 11N< )LOGY, PANTNAGAR-263145, INDIA 
(Rece ived: 14 June, 1995; accep ted 14 December , 1995) 
Unwcathcred coal fly ash waste ( 2 - 2 0 % as dry soil weight) was applied to a 
calcareous soil in order to study its effect on soil properties and on the y ields and elemental 
composition of rice, soy bean and blackgram crops Fly ash application increased the 
proportion of silt-si/c (0.02-0 002 mm diameter) particles, the water holding capacity, the 
electrical conductivity and the extralable amount of Ca, Mg. S. Fe. Mn. Zn, Cu. B. Na and 
AI. but decreased particle density . pH and extractablc N in the soil The soil application of 
fly ash also increased the conlents of these elements, except N and P. in the seed and straw 
of the crops Fly ash application increased crop yields. High rates of fly ash application 
(20% level) had no adverse effect on the yields of rice and blackgram but decreased the 
soy bean seed yield, possibly due to Na toxicity 
Key words : fly ash. soil amendment, soil properties, elemental composition of crops 
Introduction 
Fly ash is one of the major particulate wastes produced in thermal power 
stations and industries. Due to the increasing dependence on coal-based power 
generation in India and in other countries as well, an enormous amount of fly ash 
is being produced every year, thus posing serious waste disposal problems. 
Besides its use as a concrete additive and filler (Miller, 1987), some forms of fly 
ash can potentially be used in agriculture as fertilizers (Mulford and Martens, 
1971; Giedrojc et al., 1980; Ferraiolo et al., 1990), liming agents (Hodgson et al., 
1982) or physical amendments (Campbell et al., 1983). Depending upon the 
nature of the soil and the elemental composition of the fly ash, the soil 
application of fly ash may have an either favourable (Moliner and Street, 1982) or 
adverse (Mulford and Martens, 1971 ; Löbl et al., 1971) effect on crop yields. The 
present investigation was undertaken to examine the effect of applying varying 
levels of fly ash on certain properties of a calcareous soil and on the yields and 
elemental composition of agricultural crops. 
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Materials and methods 
A bulk surface (0 to 15 cm) sample ofTvpic Hapludoll soil was collected from the Crop 
Research Centre of the University The soil had a clay loam texture, 2 4 mg m 3 particle density. 
36.8% water holding capacity on a weight basis. 8.3 pH and 0.31 dSm 1 clectrical conductivity in a 
1:2 soil water suspension. 1.3% organic C. 25.4 с mol(p+)kg 1 cation exchange capacity (CEC) and 
1.7% calcium carbonate equivalent Each kilogram of this soil contained 120 mg N hvdrolvsable in 
alkaline KMn04 . 22 .7 mg P extractable in 0.5 M NaHCCb (pH 8.2), 179 mg K. 2960 mg Ca. 468 
mg Mg and 71 mg Na. all extractable in 1 M NHjOAC. 13 4 mg S extractable in 0.5 M NH 4OAC 
+ 0.25 M HOAC. 19.3 mg Fc. 12.0 mg Mn. 0.7 mg Zn and 2.48 mg Cu. all extractable in 0.005 M 
dicthylene tnaminc pcntaacctic acid (DTPA. pH 7.3), 0 41 mg В soluble in hot water and 74 mg Al 
extractable in 1 M KCl. This soil was rated deficient in N and Zn. 
Freshly collected (unweathercd) coal fly ash was obtained front a thermal power station 
located at Panki. District Kanpur. Uttar Pradesh. India. The fly ash had a silt loam texture. 2.00 nig 
m 3 particle density. 40.2% water holding capacity (on a weight basis). 5.1 pH and 8.3 dSm 1  
clcctrical conductivity in a 1:2 fly ash:water suspension. 1.3% organic С and 2.0 с mol(p+)kg 1 CEC. 
Using the above mentioned extradants, each kilogram of fix ash contained 51 mg N. 13.2 mg P (in 
0.03 M NH4F + 0.025 M HCl). 164 mg К. 1176 mg Ca, 235 mg Mg. 110 mg Na. 71.2 mg S. 48 mg 
Fe. 41 mg Mn. 13 mg Zn. 4.6 mg Cu. 3 4 mg В and 272 mg AI 
Greenhouse experiments 
Plastic pots were filled w ith a 5 kg mixture of air-dry soil and fly ash containing 0, 2. 4. 6. 8. 
12 and 20% fly ash on a weight basis. There were nine replications for each level of fly ash. Three 
replications were allocalcd for cach of the three crops, ricc (Oryza saliva L. var Java), soy bean 
{Glycine max L.var PK-327) and blackgram (Vigna тип go L var Pant U-30). A basal dose of 
urea, diammonium phosphate and potassium chloride (all reagent grade) was applied to the pots to 
supply 300 mg N. 131 mg P and 207 mg К per pot for rice. 150 mg N. 196 mg P and 166 mg К for 
soybean and 100 mg N. 87 mg P and 88 mg К for blackgram The pots were irrigated with deioni/cd 
water After one week of equilibration, pots allocated for the nee crop were flooded with dctoni/cd 
water and four 21 -day -old ncc seedlings were transplanted into cach pot The soil moisture content 
in the pots allocated for soybean and blackgram was near field capacity Each pot was sown with 
five seeds and after emergence, the plants were thinned to two in cach pot. Pots of soybean and 
blackgram plants were irrigated with dcioni/ed water as and when required during the growth 
period. 
Pots maintaining ricc plants were kept flooded (5 cm above soil surface) throughout the 
growing season Two additional doses of 150 mg N cach as urea were applied to cach ricc pot at 30 
and 60 day s after transplanting. 
At maturity. the plants were harvested close to the soil surface and both the seed and straw 
yields were recorded 
Laboratory analyses 
Finely ground representative samples of seed and straw were analy sed for N by the micro-
Kjcldahl method, for P. В and Al by colorimetry . for S by turbidimctry. for К and Na by flame 
photometry and for Fc. Mn. Zn. Cu. Ca and Mg by atomic absorption spectrophotometry following 
the standard procedures mentioned by Jackson ( 1958) and Page ( 1982) 
After the crop harvest the soil contained in cach pot was air dried, crushed and quartered to 
obtain representative samples The soil samples were determined for particle si/.c distribution using 
the hydrometer method, for particlc density with a pyenometer (Black 1965) and for water holding 
capacity using a Hilgard apparatus (Piper. 1950) The soil samples were analysed for pH and 
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electrical conductivity in a 1:2 soil water suspension, for CEC using 1 M NaOAC (pH 8.3), for 
alkaline K M n 0 4 hvdrolvsable N, for 0.5 M N a H C 0 3 (pH 8.2) cxtractable P, for 1 M N H 4 O A C 
cxtractablc K, Na, Ca and Mg, for 0.5 M NH4OAC + 0.25 M HOAC extractable S, for 0 .005 M 
DTPA (pH 7.3) exlractablc Fe, Mn. Zn and Cu, for hot water soluble В and for 1 M KCl cxtractable 
Al (Page, 1982). The techniques followed for elemental analyses were the same as those mentioned 
above for plant samples. 
The statistical analysis of the collected data was done in a completely randomi/cd design 
and the least significant difference (LSD) was computed at the 5% probability level. 
Results and discussion 
Effect on soil properties 
Since the effect of fly ash application on the soil properties was more or 
less the same under all three crops, Tables 1 and 2 contain only the data on soil 
properties and extractable elements after the harvest of the rice crop. 
The application of fly ash at rates of 4% and above increased the 
proportion of silt-size (0.020-0.002 mm diameter) particles but decreased that of 
sand-size (2.00-0.02 mm diameter) particles (Table 1). Similar findings were 
noted by Giedrojc et al. (1980). The application of fly ash at rates of 8% and 
above also decreased the particle density of the soil due to the lower particle 
density (2.0 mg m 3) of the fly ash itself as compared to the soil (2.4 mg m 3). 
The water holding capacity of the soil was significantly raised by the application 
of fly ash at rates of 6% or above. This effect could be attributed partly to an 
increase in the proportion of silt-size particles, contributing greater total porosity 
for the retention of water (El-Mogazi et al.. 1988). Since fly ash materials are 
known to contain hollow spherical particles (cenospheres), some contribution of 
the fly ash particles to porosity could also be suspected (Aitken et al., 1984). 
Table 1 
Effcct of fly ash application on the phy sical and physico-chcmical properties of calcareous soil* 
Physical properties Physico-chemical properties 
Fly ash Particle size Particle Water E C . C E C . 
level distribution % density holding 
р н 
(1:2) (с mol/p+/ 
% Sand Silt Clay (mg m 3) capacity (dSm ') k g ' ) 
(% w/w) 
0 34 31 35 2.40 36.2 X 17 0.30 23.8 
2 33 33 34 2.40 35.8 8.10 0.32 23.8 
4 29 38 33 2.39 38.4 8 0 4 0.34 24.1 
6 32 38 30 2.39 38 7 7.86 0.33 24.7 
8 28 40 32 2.37 38.8 7.75 0.37 25.0 
12 26 43 31 2.35 39.0 7.68 0.38 24.8 
20 23 46 31 2.32 39.7 7.59 0.40 24.5 
LSD (p=0.05) 5 7 NS 0.02 2.5 0.31 0 0 3 NS 
* Alter harvesting the rice crop: NS-Non-significant at p=0.05 
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Table 2 
Effect of fly ash application on extractablc elements in calcareous soil* 
p |v a s j , Extractablc elements (mg.kg 1 soil) 
level (%) N P К Ca Mg S Fe Mn Zn Cu В Na AI 
0 107 19 144 2 5 0 0 428 11 14 9 0.5 2.4 0.32 51 67 
2 102 19 144 2620 438 14 15 10 0.5 2.4 0.33 55 76 
4 100 18 152 2660 473 19 2 0 11 0.6 2.6 0.33 60 81 
6 98 18 156 2840 518 22 23 16 0.7 2.8 0.35 62 88 
8 94 18 148 2840 538 27 28 22 0.9 2.9 0.49 69 93 
12 90 18 160 2960 578 29 32 28 0.9 3.2 0.56 69 98 
20 92 18 164 3000 565 31 31 30 1.0 3.1 0.52 71 106 
LSD(p=0.05) 9 NS NS 382 97 5 6 3 0.1 0.2 0.03 7 9 
* After harvesting the пес crop: NS-Non-sigmficant 
The application of fly ash at rates of 4% and above increased the electrical 
conductivity of the soil due to the presence of soluble salts in the fly ash material 
(Elseewi et al., 1980). The application of 6% or more fly ash also decreased the 
pH of calcareous soil. However, this decrease was statistically significant only 
after the harvest of the rice crop. No significant change in soil cation exchange 
capacity (CEC) was observed after the application of fly ash material, which had 
low CEC (2 с mol(p+)kg ') itself. 
As shown in Table 2, the application of fly ash at rates of 6% and above 
decreased the extractable soil N due to the poor N content of the fly ash. but had 
no significant effect on extractable soil P or К content, possibly due to their 
conversion/fixation to non-extractable forms in the soil. The contents of 
extractable Mg and Ca were increased by the application of 8 and 12% or more 
fly ash, respectively, and the magnitude of the increase was more than the 
additive value of their extractable contents in soil and fly ash together. This 
indicated the dissolution of the alkali earth metal carbonates present in the soil 
(1.7% СаСОз equivalent) due to the decrease in soil pH caused by the application 
of acidic fly ash (Table 1). The contents of extractable S and micronutrients such 
as Zn, Cu and Fe were increased by the application of 4% or more fly ash, while 
the contents of extractable В and Mn were only increased by the application of 
6% or more fly ash. The level of extractable S was higher than that expected 
from the additive value for the soil-fly ash mixture and could be partly ascribed 
to the decrease in soil pH. The extractable contents of Na and Al were also 
increased by the application of 2 and 4% or more fly ash, respectively. 
Effect on the elemental composition of crops 
Fly ash application did not increase the N and P contents significantly in 
the seed and straw of any crop, but increased the content of К significantly 
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Table 3a 
Contents of macronutricnts in the seed of crops grown on soil treated with vary ing levels of fly ash 
Fly ash M acronu trient content 
level (%) N P К Ca M g S 
Rice 
0 1.43 0.17 0.39 0.50 0.13 0.09 
2 1.43 0.18 0.41 0.52 0.13 0.09 
4 1.43 0.19 0.43 0.58 0.15 0.10 
6 1.45 0.19 0.46 0.63 0.20 0.13 
8 1.48 0.20 0.50 0.68 0.22 O i l 
12 1.49 0.22 0.52 0.68 0.21 0.14 
20 1.49 0.23 0.55 0.70 0.24 0.16 
LSD (p=0.05) NS NS NS 0.07 0.05 0.04 
Soybean 
0 6.27 0.57 1.50 0.37 0 .37 0.24 
2 6.22 0.60 1.42 0.38 0.38 0.25 
4 6.30 0.60 185 0.40 0 .39 0.27 
6 6.40 0.61 1.88 0.44 0 .42 0.30 
8 6.40 0.70 2.10 0.50 0.40 0.34 
12 6.35 0.68 2.08 0.52 0.41 0.36 
20 6.33 0 6 8 2.08 0.54 0.40 0.35 
LSD (p=0.05) NS NS NS 0.10 NS 0.07 
Blackgram 
0 3.05 0.21 0.93 0.58 0 .29 0.11 
T 3.08 0.22 1.06 0.63 0.31 0.12 
4 3.10 0.24 1.23 0.64 0.35 0.14 
6 3.11 0.27 1.25 0.67 0.43 0.22 
8 3.21 0.29 1 26 0.66 0 4 3 0.20 
12 3.15 0.31 1 29 0.68 0.48 0.20 
20 3.11 0.35 1.30 0.68 0.45 0.19 
LSD (p=0.05) NS NS 0.28 0.09 0.08 0.05 
NS-Non-significant at p=0.05 
in blackgram seed and soybean straw at the 4 and 6% levels, respectively (Table 
3a-3b). The contents of Ca. Mg and S in the seed and straw of all three crops 
were increased significantly by 4 to 6% fly ash application or above. 
The application of fly ash increased the content of Fe, Mn, Zn, Cu and В 
in the seed and straw of all three crops (Table 4a-b). However, the increase in 
the content of Fe in blackgram straw, and of Mn and Zn in blackgram seed and 
soybean straw was statistically not significant. The level of fly ash sufficient to 
increase the content of micronutnents in seed and straw samples varied with the 
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Table 3b 
Contents of macronutrients in the s t raw of crops grown on soil treated with vary ing levels of Пу ash 
Ply ash Macronutricnt content 
level (%) N P К Ca M g S 
Rice 
0 0.33 0.02 1.50 0.43 0 17 0.03 
2 0.33 0.02 1.54 0.43 0.18 0.04 
4 0.33 0.02 1.57 0.44 0 .19 0.05 
6 0.34 0.03 1.60 0.48 0.21 0.08 
8 0.35 0.03 1.64 0.51 0.24 0.09 
12 0.38 0.03 1.70 0.53 0 .26 0.10 
20 0.37 0.03 1.70 0.55 0.25 0.10 
LSD (p=0.05) NS NS NS 0.05 0.05 0.03 
Soybean 
0 1.43 0.27 1.13 0.69 0.30 0.09 
2 1.40 0.29 1.15 0.76 0.35 0.10 
4 1.46 0.30 1.21 0.80 0.38 0.11 
6 1.50 0.31 1.30 0.82 0.37 0.18 
8 1.60 0.35 1.38 0.96 0 .36 0.19 
12 1.61 0.32 1 4 1 0.99 0.43 0.16 
20 1.68 0.34 1.48 1.02 0.46 0.18 
LSD (p=0.05) NS NS 0.11 0.12 0.06 0.04 
Blackgram 
0 1.18 0.04 1.09 0.91 0.27 0.07 
2 1.20 0.04 1.11 0.92 0.27 0.08 
4 1.20 0.04 1.12 1.00 0.32 0.09 
6 1.22 0.05 1.14 1.06 0.33 0.11 
8 1.27 0.05 1.17 1.10 0.35 0.12 
12 1.29 0.05 1.20 1.14 0.40 0.15 
20 1.26 0.05 1.16 1.17 0.38 0.13 
LSD (p=0.05) 0.06 NS N S 0.10 0.05 0.04 
NS-Non-significant at p=0.05 
type of crop due to the varying requirements and absoiption capacities of the 
crops. As in the case of macronutrients, generally the 4 to 6% tly ash level 
significantly increased the content of micronutrients in the seed and straw of the 
crops. Furr et al. (1979) also noted an increase in the absorption of 
micronutrients by millets and vegetables grown on fly ash amended soil. 
A fly ash level of around 4 to 6% was sufficient to increase the contents of 
Na and Al significantly in the seed and straw of all three crops (Table 5a-b). The 
content of Al in straw samples of all three crops was the highest at the 12% fly 
ash level, but decreased at the 20% fly ash level, possibly due to the antagonistic 
effect of Ca on the absorption and translocation of Al (Mengel and Kirkby, 
1987). The Ca content of straw samples was also found to be highest at the 20% 
fly ash level. 
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Table 4a 
Contents of micronutrients in the seed of crops grown on soil treated with v ary ing levels of fly ash 
p i v a s p Micronutncnt content (mg kg ' ) 
level (%) Fe Mn Zn Cu В 
Rice 
0 48 39 17 3 15 
2 51 41 19 4 18 
4 60 46 23 4 23 
6 63 50 26 3 26 
8 68 62 28 8 36 
12 75 58 30 8 43 
20 72 60 32 8 40 
LSD (p=0.05) 6 4 3 1 3 
Soybean 
0 91 72 56 9 23 
2 93 72 56 8 27 
4 97 74 60 11 28 
6 98 81 66 16 39 
8 103 85 74 15 53 
12 107 91 75 15 65 
20 109 85 81 16 70 
LSD (p=0.05) 8 4 6 3 6 
Blackgram 
0 64 39 37 7 22 
2 69 38 39 7 24 
4 84 39 43 9 31 
6 78 43 44 14 41 
8 80 42 45 14 64 
12 90 45 45 14 62 
20 92 49 46 15 57 
LSD (p=0.05) 16 NS NS 1 8 
NS-Non-significant at p=() 05 
Effect on crop yields 
As shown in Fig. 1, the application of fly ash had a favourable effect on 
the seed and straw yields of all three crops. Other workers have also reported the 
favourable effect of fly ash application on the yields of rice (Lin et al., 1993), 
corn and soybean (Mishra and Shukla, 1986). The fly ash level sufficient to 
increase the seed yields of rice, soybean and blackgram over the control was 
6%. An increase in the fly ash level up to 20% had no adverse effect on the seed 
yields of rice and blackgram, but the seed yield of the soybean crop was 
decreased by 13.3% in comparison to the yield at the 8% fly ash level. 
Chrenekova (1977) observed a reduction in the grain yields of barley grown on 
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Table 4b 
Contents of micronutrients in the straw of crops grown on soil treated with varying levels of fly ash 
Micronutricnt content (mg kg ' ) 
level (%) Fe Mn Zn Cu В 
Rice 
0 190 181 22 5 13 
2 193 185 22 5 15 
4 198 189 23 5 18 
6 205 196 28 7 19 
8 210 202 26 10 22 
12 222 205 32 10 33 
20 208 210 29 11 28 
L S D (p=0.05) 11 10 5 1 3 
Soybean 
0 205 199 18 10 22 
2 206 204 19 10 22 
4 210 206 19 12 24 
6 213 209 21 18 28 
8 219 215 23 18 34 
12 230 215 24 18 39 
20 222 219 23 19 44 
LSD (p=0.05) 15 NS NS 3 4 
Blackgram 
0 180 163 11 8 13 
2 183 164 12 8 14 
4 184 167 13 11 16 
6 185 173 15 16 2! 
8 187 181 20 16 36 
12 190 184 19 18 33 
20 187 185 20 17 29 
LSD (p=0.05) NS 9 NS 3 3 
N S - Non-significant at p=0.05 
soil amended with higher amounts of coal fly ash. The reduction in the seed yiled 
of soybean at the highest fly ash level (20%) could be ascribed to the toxic 
effect of Na. 
The application of fly ash at rates of 4% and above increased the straw 
yields of rice and soybean crops significantly over the control. The straw yield of 
blackgram was increased only by the application of 6% or more fly ash. The 
response of crop yields to fly ash application could be ascribed partly to the 
increased availability of Zn in the soil and also to the improvement in soil 
physical conditions. 
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Table 5a 
Contents of Na (%) in the seed and straw of crops grown on soil 
treated with vary ing levels of fly ash 
Fly ash Race Soybean Blackgram 
level (%) Seed Straw Seed Straw Seed Straw 
0 0.16 0.75 0.11 0.53 0.13 0.40 
2 0.19 0.74 0.13 0.58 0.14 0.41 
4 0.22 0.82 0.20 0.62 0 .16 0.45 
6 0.25 0.94 0 18 0.68 0 .20 0.48 
8 0.29 1.00 0.35 0.81 0 .29 0.52 
12 0.40 1.01 0.26 0.79 0.31 0.54 
20 0.47 1.05 0.27 0.84 0 .33 0.60 
LSD (p=0.05) 0.09 0.16 0.07 0.09 0.08 0.12 
Thus, the application of unweathered coal fly ash waste to calcareous soil 
increases the proportion of silt-size particles, the water holding capacity, the 
electrical conductivity and the extractable amount of secondary and micro-
nutrients, Na and Al, but decreases particle density, soil pH and extractable N. 
Except for N and P, the content of other nutrients, Na and Al, in the seed and 
straw of the crops increases with the soil application of fly ash. The application 
of fly ash to calcareous soil has a favourable effect on the yields of rice, soybean 
and blackgram. However, high rates of fly ash (20% w/w) may have an adverse 
effect on the yields of sensitive crops like soybean due to Na toxicity. 
Table 5b 
Contents of Al (mg.kg ' ) in the seed and straw of crops grow n on soil 
treated with varying levels of fly ash 
Rice Soybean Blackgram 
level (%) Seed Straw Seed Straw Seed Straw 
0 60 104 97 157 82 132 
2 70 110 101 164 84 139 
4 77 115 112 167 89 145 
6 94 121 112 172 91 148 
8 93 135 115 180 102 155 
12 110 163 127 195 113 185 
20 107 141 137 184 96 162 
LSD (p=0.05) 4 10 8 12 5 13 
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Naturally occurring indigenous soil VAM fungi were inoculated on the roots of 
groundnut (Arcichis hvpogaea L. cv. JL-24). Their usefulness was compared in five test 
experiments conducted in unsterilized P-dcficient soil in pots. Inoculation studies revealed 
that the VAM endophy te is a mixture of Aculospora spp.. Entrophospora spp.. Glomus 
fasciculatum (Thaxter sensu Gerdemann) Gerdemann and Trappe. Glomus mossae (Nicol. 
and Gerd.) Gerdemann and Trappe and Scutellospora pellucida (Nicol and Schcnck) 
Walker and Sanders. This mixture enhanced the growth of the groundnut cultivar JL-24 and 
significantly increased its dry weight, VAM root infection and uptake of essential nutrients 
such as nitrogen, phosphorus and potassium compared with uninoculated plants. The results 
also indicated that inoculation and establishment are feasible using a mixture of VAM fungi 
in the face of competition from other indigenous VAM fungi. 
Key words: Arachis hvpogaea. VAM, Aculospora spp.. Entrophospora spp.. Glomus 
fasciculatum. Glomus mossae. Scutellospora pellucida. NPK uptake 
Introduction 
Groundnut (Arachis hvpogaea L.) is the major oil seed crop grown in 
India and occupies an important place in the Indian diet. The response of 
groundnut (cv. JL-24) to inoculation with a mixture of naturally occurring 
indigenous VAM fungal spore inocula is presented in this paper. 
The efficiency of VAM symbiosis is mainly affected by interaction 
between three components, the fungal endophytes, the host plant and the soil 
(Hayman. 1983). Hence, when VAM fungi are selected for the inoculation of a 
specific crop, it is based on their ability to infect and spread through the host 
roots and increase plant growth and nutrition (Phillips and Hayman, 1970). 
Legumes can form two types of symbiotic associations with micro-organisms: 
one with Rhtobium spp., which is involved in the fixation of atmospheric 
nitrogen, and the other with fungi that form vesicular-arbuscular mycorrhizas 
(VAM), which is concerned with the uptake of phosporus and other nutrients 
(Crush, 1974). It is generally accepted that plant growth is enhanced because the 
fungal hyphae explore the soil outside the nutrient depletion zone and absorb 
0238-0161/96/$ 5.00 ci 1996 Akadémiai Kiadó. Budapest 
154 D N. JADHAV and M. S. PATIL 
ions, especially phosporus, from the soil solution, which are then transferred to 
the plants (Hayman and Mosse, 1972). Inoculation of the plants with VA-
mycorrhizal fungi' may stimulate nodulation and nitrogen fixation in legumes 
(Mosse, 1981). However, this effect appears to operate indirectly through 
increased phosphorus uptake (Abbott and Robson, 1977, 1982; Bagyaraj et al., 
1979). 
In the present study an attempt is made to isolate several VAM spores 
from the root zone of Jowar crops plants growing in P-deficient soil. The VAM 
spores isolated from such soil were used as the inoculum for groundnut (cv. JL-
24) inoculation. 
Materials and methods 
Soils 
Pot experiments were carried out in 60x60x20 cm wooden boxes, each containing 20 kg of 
air-dried, sieved (2 mm mesh) soil Medium black clayey loam soil was obtained from a cultivated 
field at the Agricultural Research Station. Karad. Dist. Satara (M.S.). It had the following physical 
and chemical composition: pH 7.2; EC 0.31 millimhos/cm; organic carbon 0.54%; total nitrogen 
82gg g '; total phosphorus 57.4 gg g ' ; total potassium 112 pg g Among the micronutricnts. Zn 
( 1.0 ppm), Cu (5.12 ppm), Mn (3.26 ppm) and Fc (5.60 ppm) were detected 
l'lant (host) and endophytes 
Groundnut plants were grown from seeds obtained from the Agricultural Research Station. 
Karad. of Mahatma Pule Agricultural University . Rahuri. Dist. A'Nagar (M.S.). India Spores of 
naturally occurring indigenous fungi were collected from the rhi/osphcre of Jovver crop plants at the 
Agncultural Research Station. Karad. by the wet sieving and decanting method of Gcrdcmann and 
Nicolson (1963). The VAM inocula were multiplied and maintained on Zea mays L. plants as a pot 
culture The VAM inoculum consisted of a mixture of spores of endophytes belonging to 
Aculospora s p p , Entrophospora spp., Glomus fasciculaium. Glomus mossae and Scutellospora 
pellucida. The V A M inoculum, consisting of 100-500 spores per litre, was placed 2.5 cm below the 
surface of the soil before sowing the seeds of groundnul in each pot Pots to which inoculum was not 
added served as the control 
Plant growth 
Ten seeds of groundnut (cv. JL-24) were sown in replicates of five for each treatment The 
plants were allowed to grow in environmental conditions with a mean temperature ranging from 
17.2-30.6 °C. relative humidity ranging from 55-96% and a total rainfall during the growing period 
of the plants was 696 mm. 
Chemical soil analysis 
Soil organic carbon was determined by following the procedure of Walkley and Black 
(Piper. 1950). Soil pH was estimated using an Elico pH meter (1:2 5 soil vvater suspension) Total 
soil nitrogen and phosphorus were estimated with the method described by Jackson (1967). The 
tolal potassium was estimated using a flame photometer The soil micronutricnts. Zn. Cu. Mn and 
Fc, were estimated using an atomic absorption spectrophotometer 
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l'lanl analysis 
Plants were harvested every- 30 days up to 90 days after sowing. From each treatment, 
individual random plants were taken out with care and their roots were washed gently under a fine 
jet of water without damaging the root sy stem Plant growth was measured as the fresh weight of 
root and shoot For dry weight, the samples were oven dried (100 °C for 14 h). The mycorrhizal 
colonization was estimated as percentage VAM infection after staining with cotton blue (Munns and 
Mosse. 1980). The plants were assayed for total NPK content. The nitrogen and phosphorus 
contents in the roots and shoots were determined by Jackson's method (1967). The potassium 
contents in the root and shoot were estimated using a flame photometer. 
The results of crop responses in the pot experiment were subjected to statistical analysis 
using the methods detailed by Panse and Sukhatmc ( 1961 ). 
Results 
The data regarding the effect of VA-mycorrhizal fungus inoculation on the 
dry weight of the shoots and roots of groundnut (cv. JL-24) are presented in 
Table 1. The dry weights of the shoots and roots were significantly greater in the 
VA-mycorrhizal treatments, as compared to the control, after 30, 60 and 90 days 
of crop growth. 
Table / 
Influence of VA-mycorrhi/al inoculation in unstcriliscd medium black clayey soil on dry weight 
(g/plant) of Arachis hypogaea L cv JL-24 
Davs Average shoot dry weight in Av erage root dry weight in 
after g plant
 1 g plant l 
sowing 
С 1 
С 
1 
30 0.647a* 0.778b 0.278b 0.373b 
60 1.411* 1.742b 1.184a 1.991b 
90 2.210a 5.442b 0.973a 1.629b 
*Valucs within sampling data followed by the same letter are not significantly 
different from the control as determined by Student l-tcst (P<0.()5). Data 
represent the mean of five determinations. С - Non-inoculated control: I -
Inoculated Ircatmcnt 
The influence of VA-mycorrhiza on the nitrogen, phosphate and potassium 
uptake of groundnut shoots and roots is shown in Table 2a-b-c. VAM 
considerably increased the uptake of essential minerals (NPK) over the control. 
The enhanced NPK uptake due to VAM inoculation was significant after 30, 60 
and 90 days of crop growth in the case of the shoots, while for the roots the 
enhanced NPK uptake was significant only after 60 or 90 days of crop growth. 
The influence of VAM on the root infection of groundnut is shown in 
Table 3. A rapid increase in the percentage VAM infection was observed with 
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Table 2a 
Nitrogen uptake (mg/plant) by Arachis hypogaea L. cv. JL-24 as influenced 
by VA-mycorrlu/,al inoculation in unslcrilised medium black clayey soil 
Davs Nitrogen uptake (m g plant 
after Shoot Root 
sowing 
С 
I 
С 
1 
30 
60 
90 
19.38° 
52.55° 
181.78' 
25.7l b 
68.29b  
188.33" 
5 29a 
19.89a  
11 87a 
10 04" 
49.06" 
26.45" 
Table 2b 
Phosphorus uptake (mg/planl) by Arachis hypogaea L cv JL-24 as influenced 
by VA-mycorrhizal inoculation in unstcriliscd medium black clay ey soil 
Davs Phosphorus uptake (mg plant ) 
after Shoot Root 
sowing 
С 
1 
С I 
30 1.71a 4.89" 0.80a 1.47" 
60 4.6 l a 6.66" 2.7 la 8.28" 
90 4.97a 17.08" 1.26' 2.70" 
Table 2c 
Potassium uptake (mg/plant) by Arachis hypogaea L. cv JL-24 as influenced 
by VA-mycorrhi/,al inoculation in unstcrilised medium black clay ey soil 
Davs Potassium uptake (mg plant ) 
after Shoot Root 
sowing 
С 
1 
С I 
30 
60 
90 
2.43a 
9.17a 
12.15a 
5.06" 
15.68" 
32.65" 
0.97a 1.87a  
5.32* 19.11" 
7.29a 13.85" 
* Values within sampling data followed by the same letter are not 
significantly different from the control as determined by Student t-test 
(P<0.05). Data represent the mean of five determinations С - Non-
inoculated control: I - Inoculated treatment 
time; a significant increase in the root infection rate was observed at all stages of 
crop growth as compared with the control. 
Low VAM spore counts of 8. 9 and 13 per 10 g of soil were recorded 
from the rhizosphere soils of uninoculated plants at 30, 60 and 90 days of crop 
growth, respectively, whereas the incidence of VAM spores was considerably 
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Table 3 
Percentage mycorrhizal infection of Arachis hypogaea L.cv. JL-24 
as influenced by VA-mycorrhizal inoculation 
in unsterilised medium black clayey soil. 
Days after 
sowing 
Percentage VA-mycorrhizal infection 
С 
I 
30 4.8a 25.6b 
60 8.8a 56.4b 
90 18.4a 84.0b 
*Values within sampling data followed by the same letter are not significantly 
different from the control as determined by Student t-test (P<0.05). Data represent 
the mean of five determinations. С - Non-inoculated control; I - Inoculated treatment 
higher in the case of VAM-inoculated plants, being 12, 19 and 23 spores per 
10 g of soil at 30, 60 and 90 days of crop growth, respectively (Table 4). 
Six spore types of VAM were extracted and identified from the 
rhizosphere soils of groundnut, cv. JL-24, namely Aculospora spp., 
Entrophospora spp.. Glomus fasciculatum, Glomus mossae, Scutellospora 
pel/ucicla and Scutellospora calospora. Of these, Glomus fasciculatum and 
Scutellospora calospora were uniformly present in all the treatments (Table 4.) 
Quantitatively, the maximum number of VAM fungal spores was isolated from 
the rhizosphere of plants which were inoculated with VAM fungal spores. 
Discussion 
In the present studies VAM endophytes (Aculospora spp., Entrophospora 
spp., Glomus mossae, Scutellospora pellucida) were successfully established in 
unsterilized soils. 
VAM fungi have been reported to increase the growth of plants by 
enhancing nutrient uptake (Rhodes and Gerdemann, 1978), by reducing the 
distance that nutrients must diffuse to the plant roots (Hatting et al., 1973; 
Powell, 1982; Rhodes and Gerdemann, 1975), by accelerating the rate of nutrient 
absorption and nutrient concentration at the absorbing surface (Bowen et al., 
1975; Cress et al., 1979), and finally by chemically modifying the availability of 
nutrients for uptake by plants through the mycorrhizal hyphae. 
Test plants subjected to inoculation with a mixture of VAM spores 
developed an extensive root system, a higher percentage of mycorrhizal 
infection, and increased availability of water and nutrients, especially 
phosphorus, nitrogen and potassium. It is therefore natural for the test plants in 
the present study to exhibit an improved growth response and higher uptake of 
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Table 4 
Influence of VA-mycorrhizal treatment on the number and occurrence of VAM spore ty pes 
Days after No. of spores/10 g soil Spore types 
sowing С I С I 
Glomus mossae Aculospora spp. 
Glomus fasciculatum Entrophospora ssp. 
30 8 12 Scutellospora calospora 
Glomus mossae 
G lorn us Jascicu latum 
Glomus mossae 
Glomus fasciculatum 
Scutellospora calospora 
Scutellospora peUucida 
Acaidospora spp. 
Entrophospora spp. 
60 9 19 Scutellospora calospora 
Glomus mossae 
Glomus fasciculatum 
Glomus mossae 
Glomus fasciculatum 
Scutellospora calospora 
Scutellospora peUucida 
Aculospora spp. 
Entrophospora spp. 
90 13 23 Scutellospora calospora Glomus mossae 
Glomus fasciculatum 
Scutellospora calospora 
Scutellospora peUucida 
Data are the average of 5 replicates. С - Uninoculatcd control: I - Inoculated treatment 
mineral nutrients. Similar results have been reported by several investigators 
(Daft and El Giahmi, 1976; Hayman and Mosse, 1972; Konde and Patil. 1990; 
Krishna and Bagyaraj. 1984; Krishna et al.. 1982) in groundnuts and other crop 
plants. 
The present study discusses the possibility of inoculating field crops with 
selected strains of VAM fungi which are more effective than those already 
present in the field soil, thus greatly improving the prospects of successfully 
exploiting VAM fungi to produce better yields of groundnut, especially when 
grown under low NPK conditions. 
The data obtained from pot culture studies confirm that VAM fungi can be 
successfully established in previously undisturbed and unsterilized cultivable 
land, to the benefit of tropical legumes such as groundnut. 
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EXAMINATION OF GENOTYPE-DEPENDENT HERBICIDE 
SENSITIVITY IN HYBRID MAIZE 
BORBALA HOFFMANN and S.KURCZ 
PANNON UNIVERSITY OF AGRICULTURAL SCIENCES, KESZTHELY, HUNGARY 
(Rece ived : 8 August , 1995; accepted: 15 Janua ry , 1996) 
Considerable differences have been observed in the emergence, growth rate and dry 
weight accumulation of the hybrids examined depending upon herbicide application and 
antidote treatment. Volga exhibited the greatest degeneration due to the effect of acetochlor 
The application of AD-67 antidote had only as light influence on the charactenstics 
investigated in Furio compared with other hybrids. 
Among the examined hybrids, only Stira proved to be sensitive to butylate application, 
so the effect of TI-35 antidote was not observed in the case of field doses. The application 
of 22.4 ppm Anelda caused a degeneration in dry weight accumulation in the case of Furio 
and Volga 
The examination of the genotype-herbicide interaction is of great importance, since if 
this is taken into consideration the efficiency of maize cultivation can be improved without 
any additional costs. 
Key words: chloroacelamide, thiocarbamate. antidote, genotype, genotype-herbicide 
interaction 
Introduction 
Attention has turned towards the side effects and crop damage caused by 
herbicides since herbicide application has become common. The first hint came 
from the studies of Miller (1958) showing that the yield of different maize lines 
decreased to different degrees if treated with herbicides. The earliest relevant 
data in Hungary were given by Kádár and László (1975). The effect of the 
commonly used maize herbicides, chloroacetamides and thiocarbamates, is based 
on the inhibition of germination. 
Crop selectivity is due to differences in the rates of herbicide absorption 
and metabolism (Prendeville, 1986). Thiocarbamates have been shown to 
specifically affect very long chain fatty acid and gibberellin biosynthesis. This 
effect is most likely due to the formation of sulphoxide which may be formed 
due to reaction with the SH-groups of various enzymes (Fedtke, 1982) and small 
molecular weight thiols in plants (Wilkinson, 1985). 
Chloroacetamides inhibit cell division and cell growth (Deal et al., 1980), 
similarly to the thiocarbamates, but they also have an influence on membrane 
functions (Pillai et al., 1979) and on lipid and gibberellin biosynthesis. 
Comparative studies with a sensitive and a tolerant hybrid showed that the 
0238-0161/96/$ 5.00 ci 1996 Akadémiai Kiadó. Budapest 
162 BORBAL A HOFFMANN and S KURCZ 
differences in herbicide tolerance are due to the degradation speed of the active 
agents and the levels of GSH molecules (Jablonkai and Dutka. 1992). The 
selectivity-increasing effect of antidotes is also based on the elevation of GSH 
levels and on an increase in GSH transferase activity (Duke, 1985; Gronwald, 
1988). 
In spite of the fact that maize is capable of detoxifying sulphoxide, the 
differences in herbicide sensitivity in the case of different maize lines have been 
proved by several experiments (Wright and Rieck, 1973; Pál and Nagy, 1983; 
Bóka et al., 1989). 
When acetochlor and thiocarbamate herbicides were applied in 
combination the selectivity of Flexenit herbicide mixtures was similar or better 
than the mixture components. However, the sensitive maize hybrid suffered 
greater damage from the mixture than from the individual components (Barta and 
Dutka, 1989). 
The aim of the present experiment was the establishment of chloro-
acetamide and thiocarbamate sensitivity and antidote effects for commonly 
grown maize hybrids. 
Materials and methods 
In a pot trial the herbicide susceptibility of four niai/e hy brids (Volga SC. DK 524 SC, Stira 
SC, Furio SC) was investigated. 
The applied herbicides were the following: Acenit 50 EC (50% acetochlor). Accnit A 500 
EC (50% acetochlor + AD-67 antidote). Anclda 80 EC (80% butylate). Anclda Plus (72.5% 
butylate + TI-35 antidote). The herbicides were applied in field doses of 5 ppm and 11.2 ppm. and 
in doubled doses of 10 ppm and 22.4 ppm, respectively). The experiment was conducted in a 
randomized complete block design with three replications according to the Chaminadc (1960) 
method. 
The pots were filled with 1 kg airdry Eutric Contbisol (Ramann's brown forest soil; рНн,(): 
7.1; clay: 27%; H: 1.5%; C/N: 10.2). 
Four seeds were sown at a depth of 3 cm in each pot. A concentrated solution was prepared 
from the herbicides and the appropriate amount was diluted to 1 dl; the pots were treated with these 
dilutions. Then the pots were watered according to their minimum water capacity (Stefanovics. 
1978). Acenit and Acenit A were applied preemcrgencc. while in the case of Anclda and Anclda 
Plus the herbicide treatment took place presowing and the soil was mixed with the thiocarbamates 
12 hours before sowing. 
The day of emergence and the period of emergence were recorded and the growth rate and 
dry weight of the 25-day -old plants were measured. The results were evaluated w ith analy sis of 
variance (Sváb. 1981 ). 
Results and discussion 
The time and period of emergence can be seen in Table 1. The control 
plants emerged in 5.5 days. The herbicide-treated hybrids emerged later in every 
case. The antidote had no beneficial effect on the time of emergence. 
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Table 1 
Date and duration of shooting (days) 
Herbicide (A) 
Hybrid (В) Acenit 
5 ppm 
Acenit 
10 ppm 
Acenit A 
5 ppm 
Acenit A 
10 ppm 
Ancida 
11.2 ppm 
Anelda 
22 .4 ppm 
Anelda P 
11.2 ppm 
Anelda P 
22 .4 ppm 
Control 
Furio da 5.91 5 .75 6 .08 5.83 5 .33 5 .33 5 .58 5 .83 5.33 
Furio du 2 .33 2 .00 1.66 2 .66 2 .00 2 .00 2 .66 2 .00 2 .00 
Volga da 5.8.3 6 .08 6 .33 6 .58 5 .66 5 .58 5.75 5 .58 5 .66 
Volga du 2 .00 1.66 2 .33 1.66 2 .33 2 .00 2 .33 2 . 0 0 2.33 
Stira da 6 .00 5 .83 6 .33 6 .00 5.91 6 .25 5 .58 5 58 5 .50 
Stira du 2 .33 2 .66 2 .33 2 .66 1.33 2 .66 2 .00 2 .33 2 .00 
DK. 5 2 4 da 5 .75 5 .75 6 .08 6.25 5 .50 5 .30 5.16 5 .83 5 .33 
DK 5 2 4 du 2 .00 2 .66 2 .66 2 .66 2 .33 2 .00 1.66 2 .00 1.66 
X da 5 .87 5.85 6 .2 6 .16 5 .60 5 .62 5.51 5 .64 5.45 
X du 2 .16 2 .24 2 .24 2.41 1.99 2 .16 2 .16 2 .08 1.99 
L S D (P=0 .05) 
da: Between the v ariants o f A in the mean o f В 
da: Between the v ariants o f В in the mean o f A 
du: Between the variants o f A in the mean o f В 
du: Between the variants o f В in the mean of A 
0 .164*** 
0 .246* 
0 .264*** 
0 .396* 
da: date o f shooting; du: duration o f shooting; Anelda P: Anelda Plus 
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14 16 18 
T i m e ( d a y s ) 
Herbicide: Acenit 50 EC (5ppm) 
14 16 
T i m e ( d a y s ) 
Herbicide: Acenit A 500 EC (5ppm) 
Fig. I. Plant height as a percentage of the control 
The herbicides also had an unfavourable influence on the uniformity and 
period of emergence. The hybrids in the control emerged within 2 days, but 
treated seeds needed more time. Especially slow emergence was caused by 
Acenit A. Anelda and Anelda Plus had absolutely no effect on the time of 
emergence in the case of Volga. The influence of these herbicides could only be 
seen in a few cases in the other three hybrids as well. 
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120 _ 
60 
Í4 60 
T i m e ( d a y s ) 
Herbicide: Anelda 80 EC (I l,2ppm) 
T i m e (days) 
Herbicide: Anelda 80 EC (22.4ppm) 
Fig. 2. Plant height as a percentage of the control 
None of the treatments had an unfavourable influence on the period of 
emergence in the case of Volga and a similar effect was observed as a result of 
Anelda and Anelda Plus 11.2 ppm in Stira. Slow emergence was caused by all 
treatments in the case of DK 524. Morphological abnormalities were observed 
during emergence: hard coleoptiles covered the seedlings; only injured, frilled 
leaves and distorted plants developed. The rate of abnormalities was dependent 
upon the hybrids and the treatments. 
The growth rate was evaluated by height measurements. Data show the 
average of 12 plants (four plants per pot, three replicants); the values for the 
hybrids are expressed as a percentage of the control. The plant heights are 
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Fig. 3. Dry weight of 25-dav-old plants as a percentage of the control 
not' reported in absolute numbers (cm), but compared to the controls (%), 
because there is a difference in growth rate between the hybrids. 
Due to the effect of the herbicides there were significant differences in the 
growth rates of the hybrids. As a result of Acenit 50 EC 5 ppm application the 
development of the hybrids was far slower than that of the controls in the first 
nine days. The growth of Furio did not begin until the 9th day and reached 74% 
of the control on the 25th day. Stira recovered from the effect of the herbicides 
after 11 days and exceeded Furio at 25 days. Compared to its control, Volga 
exhibited the greatest degeneration (Fig. 1). In the 10 ppm Acenit 50 EC 
treatment the sensitivity of the hybrids did not change, but the development rate 
was even lower. The application of antidote was beneficial to the development of 
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all the hybrids, but the extent of the effect varied. DK 524 reached 88% of its 
control in 14 days and Volga and Stira also reached a similar value by day 25. 
The application of antidote was also beneficial to the development of 
Furio, though the effect was smaller than in the case of other hybrids, while Furio 
exhibited the greatest tolerance to acetochlor; its development was the slowest in 
the antidoted treatment. 
Anelda 80 EC had only a slight influence on the development of the 
hybrids examined compared with Acenit 50 EC. Furio and DK 524 showed 
values coinciding with the control, while Stira and Volga ranged from 83 to 
83.4% of the control value starting from the third week (Fig. 2). 
The application of Anelda at double concentration led to a significant 
deformation of Stira and this effect was still expressed at day 25. The application 
of antidote-free Anelda Plus resulted in exactly the same reaction in Furio, Volga 
and DK 524 as the antidoted herbicides. In the case of Stira this treatment caused 
less degeneration than the antidoted treatment (88% and 66%, respectively, on 
the 25th day). 
The dry weight of 25-day-old plants is expressed as a % of the control. 
The results are shown in Fig. 3. The greatest dry weight decrease occurred as the 
result of Acenit 50 EC in the case of all the hybrids. This herbicide - as 
experienced in the growth of plants - caused the strongest dry weight decrease in 
Volga, which reached only 38% of the control at 5 ppm application. As a result 
of antidote application the diy weight of 25-day-old plants of Volga, Stira and 
DK 524 significantly increased (from 38 to 85, from 57 to 84, from 54 to 92%, 
respectively), but the value of Furio did not change. 
The 11.2 ppm treatment of Anelda 80 EC resulted in a decrease in dry 
weight accumulation (87%) in the case of Stira, but this was compensated for by 
the antidote. However, at 22.4 ppm concentration the antidote increased the 
degeneration caused by the herbicides in the case of Furio and Volga. 
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STABILITY OF SEED YIELD AND ITS COMPONENTS 
IN ADZUKI BEAN {VIGNA ANGULARIS) IN THE MID-HILLS 
OF THE NORTH WESTERN HIMALAYAS 
S. R. PATHIK, H. K. CHAUDHARY and V. P. GUPTA 
HPKV, REGIONAL RESEARCH SUB-STATION, SUNDERNAGAR, H P., 
174402 INDIA 
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A study was conducted to determine the stability of seed yield and its components in 
40 ad/uki bean (Vigna angularis (Willd.) Ohwi and Ohashi) genotypes consisting of Al 
(exotic strain) and HPU51 (indigenous strain) as standard checks and 38 true breeding 
progenies derived from their cross (Al x HPU51), which were grown in replicated trials in 
five micro-environments at each of the two locations in the mid-hills of the north western 
Himalayas. The manipulation of different fertility gradients created different micro-
environments. The crop did not respond to nitrogen, though a slight trend was observed after 
phosphorus application. Variances due to genotypes, environments and G * E interactions 
were significant for all the characters The linear and non-linear components of G * E 
interactions were also present, with the predominance of the former component for all the 
characters. In general, genotypes with a relatively high performance in any character 
possessed low stability. The genotype Н Р А В 30 was observed to be stable for all the 
characters studied. The most stable genotypes for different characters were НРАВ 11 for 
seed yield/plant. НРАВ 21 for seeds/pod, Н Р А В 3 for pods/planl and НРАВ 22 for 100-
seed weight. 
Key words: adzuki bean. Vigna angularis, genotype-environment interaction, 
stability , seed yield components 
Introduction 
Vigna angularis (Willd.) Ohwi and Ohashi, commonly known as adzuki 
bean, is only grown in India in the mid-hills of the north western Himalayas, but 
is one of the major grain legume crops of China, Japan and Russia. In India, 
adzuki bean has shown not only a great potential for higher productivity, but also 
resistance to various diseases, especially leaf spots, which is lacking in other 
commonly grown pulses, like mung bean and urd bean of the Vigna species 
(Gupta et al., 1980). In order to achieve stabilized production and an increase in 
acreage for this new crop, it is imperative to understand its adaptation to various 
agro-climatic conditions and to develop highly adapted varieties. No such study 
has ever been conducted anywhere in the world on this crop. Hence, for the first 
time an attempt has been made in the mid-hills of the north western Himalayas 
under rainfed conditions to work out the nature and magnitude of the 
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genotype x environment (macro and microenvironments) interaction for the seed 
yield and its components in this crop. 
Materials and methods 
Thirty-eight true breeding lines of ad/uki bean ( ligna angularis (Willd.) Ohvvi and Ohashi) 
generated from a cross between two genetically diverse strains, viz. Al (exotic strain) and HPU 51 
(indigenous strain), along with the two parents were grown during summer 1986 in a random block 
design with two replications at two locations, viz. Plant Breeding Research Farm. Palampur and 
Regional Research Sub-station, Sundernagar. located in the mid-hills (rainfed) of the north western 
Himalayas. These two locations differ widely in altitude, rainfall and temperature (Table 1) 
Table 1 
Altitude, temperature and precipitation of the two locations 
during the adzuki bean grow ing season in 1986 
Palampur Sundernagar 
Latitude 32° 6' N 31° 33' N 
Longitude 76° 3' E 76° 54' E 
Altitude (m) 1290 800 
Temperature (°C) 15.9-29.5 14.3-33.6 
Precipitation (mm) 
May, 1986 101.4 81.9 
June, 1986 387.0 40.3 
July, 1986 948.2 293.9 
August, 1986 709.5 282.9 
September. 1986 151.6 41.5 
At each location five micro-environments were created by manipulating the fertility levels as 
follows: 
Ei = NoPo (No additional chemical fertilizers were applied) 
Ei = N0P20 (20 kg PjOs/ha was applied alone as basal dose) 
E3 = N20P20 (20 kg nitrogen and 20 kg P^CL/ha were applied as basal dose) 
E4 = N0P40 (40 kg РгСА/Ъа was applied alone as basal dose) 
Es = N20P40 (20 kg nitrogen and 40 kg P ? 0 5 / ha were applied as basal dose). 
Observations were recorded on five randomly selected competitive plants from each 
genotype in each replication in each microenvironment over both the locations for seed yield/plant 
(g), seeds/pod, pods/plant and 100-seed weight (g). 
The analysis of vanance for the random block design was done as proposed by Panse and 
Sukhatme (1971). Joint regression analysis was earned out as proposed by Yates and Cochram 
(1938) and used by Perkins and Jinks (1968). This method partitions significant genotype < 
environment interactions into a component due to heterogeneity between regressions and a 
remainder component. If either or both of the two components are significantly greater than the 
expenmental error, genotype x environment interaction is present If the heterogeneity component 
alone is significant, all of the genotype x environment interactions for an individual genotype can be 
predicted from linear regression on the environmental values If the remainder component alone is 
significant there is no simple relationship between the genotype * environment interactions and the 
environmental values, and no predictions can therefore be made by this approach. Stability 
parameters for each genotype were determined using the regression procedure of Eberhart and 
Acta Agronomica Hungarica 44, /996 
STABILITY OF SEED YIELD IN ADZUKI BEAN 171 
Russell (1966). Linear regression analy ses of yield and its components as the dependent variables 
and environmental indices as independent variables were performed for each genotype The 
environmental index was obtained by subtracting the grand mean from the environmental mean 
Each genotype was defined by three values, viz. mean yield over all environments, regression 
coefficient (ß) and deviation from regression mean square ( S d ) 
For the regression analy sis of v ariance, the residuals f rom the combined analysis of variance 
were used as error to test the significance of the S2d values A significant F value would indicate 
that S2d was significantly different from zero The hypothesis that each regression coefficient (ß) 
equalled zero was tested by the t-test (Perkins and Jinks. 1968). 
Results and discussion 
The combined analysis of variance for genotype x environment interaction 
is presented in Table 2. Mean squares for genotypes were highly significant for 
all the characters, indicating the presence of appreciable variability among the 
genotypes. The mean squares for G x E interactions were highly significant for 
all the characters studied, indicating that the genotypes showed a differential 
response in different environments with respect to these characters. The 
magnitude of the G x E interaction variance was smaller as compared to the 
genotype and environmental variances for all the characters. Further partitioning 
of the G x E component revealed that both the components, viz. heterogeneity 
between regression and the remainder, were significantly present when tested 
against error for all the characters with the predominance of the former 
component, indicating that the G x E interactions can be predicted for an 
individual genotype from the linear regression on the environmental values 
(Perkins and Jinks, 1968). 
Table 2 
Joint regression analy sis combined over 10 env ironments for seed yield and its components 
in the mid-hills of the north western Himalay as 
Traits 
df 
Mean squares 
Genotype (G) Environm.(E) G x E Hct. b. regr. Remain Error 
39 9 351 39 312 400 
Seed vicld/plant 8.45 **## 34.31 * * m 2.15**## 3.26**# 2.01** 0 6 0 
Seeds/pod 1.93 ** 19.60 **M 1.51**## 2.56 **## 1.37** 0.74 
Pods/plant 39.54 **m 521.41 **## 11.26**## 15.26**# 10.76** 5.05 
100-sccd weight 4.43 **## 9.27 **M 0.55 **## 8.26**## 0 51** 0.15 
*.** Significant at the 5 % and 1% levels, respectively, when tested against error 
Significant at the 5 % and 1% levels, respectively , when tested against remainder 
(Environm Environment: Hct. b regr.: Heterogeneity between remainder: Remain : Remainder) 
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Table 3a 
Estimates of environmental index (Ij) for various traits over all ihe environments 
Traits HPKV, Palampur 
E, E2 E3 E4 E5 
Seed yield/plant -0.23 -0.86* -1.34* -0 18 -0.51* 
Seeds/pod 0.93* 0.69 1.12* -0.12 -0.10 
Pods/plant -2.17* -2.30* -5.26* -2.74* -2.20* 
100-secd weight -0.29 -0.19* 0.14 0.67* 0.59* 
* P<0.05 
The heterogeneity mean squares were also significant when tested against 
the remainder mean squares. This suggested that there were marked differences 
in regression coefficient values among the 40 adzuki bean genotypes. 
Infonnation on the genotype x environment interaction for this crop is not 
available anywhere in the literature. However, similar findings have been 
reported in other Vigna species by Chaudhary et al. (1991a, 1991b) in India. 
The physical limits to seed yield and its components in relation to different 
levels of nitrogen and phosphorus might provide a stimulus for the analysis of 
environmental limitations. As in the present investigation stability analysis has 
been done under different fertility levels called micro-environments, viz. Ei 
( N 0 P 0 ) , E 2 (N O P 2 0 ) , E 3 (N20P2O), E 4 (N0P4O) and E 5 ( N 2 0 P 4 0 ) at each location, it 
would be worthwhile to examine the influence of different nitrogen and 
phosphorus levels on the expression of seed yield and other traits with the help of 
estimates of environmental index (I, ) for different micro-environments (fertility 
levels). 
The estimates of environmental index (Table 3a-b) showed that for seed 
yield/plant and pods/plant, the favourable environments were E2 (N0P20) and F, 
(N0Po) at Sundemagar, indicating the low requirement of the crop for nitrogenous 
fertilizers. The poorest environment for the expression of these traits was 
observed to be E3 (N20P2Q) at Palampur, again indicating a substantial reduction 
Table 3b 
Estimates of environmental index (Ij) for various (raits over all the environments 
Traits RRSS. Sundemagar 
EI E2 E3 E4 EJ 
Seed yield/plant 0.92 1.75* -0.55* 0.62* 0.38 
Seeds/pod -0.35 -0.50* -0.26 -0.68* -0.97* 
Pods/plant 4.60* 5.88* -0.52* 2.63* 2.08* 
100-sccd weight -0.57 -0.15 -0.53* 0.06 0.27 
* P<0.05 
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Table 4a 
Estimates of adaptability parameters for seed yield/plant and seeds/pod 
in 40 ad/uki bean genotypes combined over 10 environments 
Genotypes Seed yield/plant Seeds/pod 
u+di ßi S
2di u+di ß ' S
2di 
Н Р А В 1 5.35 0.33 2.57* 5.18 0.12 0.44 
HP AB 2 6.13 0.76 2.29* 6.20 -0 .35 1.15* 
HP AB 3 5.79 -0.00 0.62* 6.73 -0.95 1.69* 
HP AB 4 5.60 0.53 3.44* 5.64 -0.75 2.39* 
HP AB 5 4.44 - 0 . 2 7 0.66* 6.01 0.58 1.65* 
HP AB 6 5.98 - 0 . 5 4 1.93* 5.74 -0.26 0.77* 
HP AB 7 6.13 - 0 . 9 3 1.13* 6.10 -0.31 0.01 
HP AB 8 5.12 -0 .41 0.59* 6.39 0.24 0.15 
HP AB 9 5.45 0.66 0.72* 6.19 0.14 0 57 
НРАВ 10 6.04 0.31 1.90* 6.12 0.21 0.26 
HP AB 11 5.88 - 0 41 -0.02 6.22 0 2 0 0 18 
НРАВ 12 6.24 0.25 0.70* 6.40 0.77 0.19 
HP AB 13 6 34 -0 .24 1.73* 6.05 -0.66 0.91* 
НРАВ 14 5.76 0.80 0.82* 5.95 -0 .99 0.31 
НРАВ 15 4.94 -0 .10 0.65* 6.19 0.16 0.15 
НРАВ 16 6.06 0.52 0.57* 6.57 -0.46 0.30 
Н Р А В 17 6.80* 0.83 1.04* 6.78 0.50 0.26 
HP AB 18 6 8 4 * 0.05 6.62* 6.19 -0.14 1.06* 
Н Р А В 19 6.09 -1 .38** 1.44* 7 15* 1.25* - 0 . 7 7 
HP AB 20 3.99 -0 .06 0.16 6.06 0.67 1.68 
HP AB 21 6 14 0.13 0.13 6.53 0.46 - 3 . 6 4 
HP AB 22 6 0 3 -1 .08* 1.35* 6 80 -0.72 1.43* 
HP AB 23 6.26 0.80 5.14* 6.57 -0.30 0.75* 
HP AB 24 6.52 0.63 2.30* 7.68** -0 .28 0.82* 
HP AB 25 5.74 0.30 0.76* 6.28 -0.38 1.89* 
HP AB 26 6.16 0.99* 0.90* 6.56 -0.15 0.14 
HP AB 27 6.08 0 9 8 * 0.62* 5.95 -0.38 0.55 
HP AB 28 6.08 0.12 -0 .02 6.14 0.16 0.52 
HP AB 29 6.67 0.80 1.02* 6.42 -0.50 0.64 
Н Р А В 30 7 18** 0.44 0.22 6.57 -1 .03 0.49 
HP AB 31 6.15 -0 .31 2.07* 5.89 -0.02 1.00* 
HP AB 32 6.05 0.90 0.63* 5.97 -0.09 0.13 
HP AB 33 5.66 -0 .76 0.89* 6.43 0.91 0 85* 
HP AB 34 5.84 -0 .69 0.69* 6.53 -0.10 0.02 
HP AB 35 5.80 -0 .37 0.85* 5.93 -0.31 0.28 
HP AB 36 6.02 -0 .52 1 49* 6.12 0.67 0 4 0 
HP AB 37 5.94 -0 .94 4.88* 6.10 0.23 0.61 
HP AB 38 5.53 -0.11 0.98* 5.64 -0.99 0.02 
HPU-51 1.43 -1 .42** 0.46* 6.66 3.28** 2.98* 
A-l 5.71 0.01 4.23* 6.66 -0.42 - 0 . 3 7 
Mean 5.80 6 . 2 9 
SE± 0 .47 0 .50 0 . 3 9 0.55 
*,** Significant at the 5% and 1% levels, respectively 
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Table 4b 
Estimates of adaptability parameters for pods/plant and 100-seed weight 
in 40 adzuki bean genoty pes combined over 10 environments 
Genotypes Pods/plant 100-sced weight 
u +di ßi S
2di u+di ßi S
2di 
Н Р А В 1 16.29 0.19 12.07* 6.40 0.35 1.02* 
HP AB 2 16.12 0.46 6.08* 6.42 0.36 0.82* 
HP A B 3 13.48 -0 .16 -4 .02 6.47 0.59 0.18* 
HP AB 4 16.27 0.17 24.42* 6.85 0.11 1.04* 
HP AB 5 12.39 -0 .27 - 1 . 3 8 6.22 0.19 0.30* 
HP AB 6 15.57 0.13 14.21* 7.16 0.79 0.52* 
Н Р А В 7 14.53 -0 .41 2.08 6.99 - 0 . 3 6 0.20* 
HP AB 8 13.07 -0 .49 5.80* 6 6 4 - 0 . 4 4 0.09 
HP AB 9 15.12 0.03 6 89* 6.22 -2 .04** 0.30* 
Н Р А В 10 15.19 0 67* 7.95* 7.12 - 0 . 7 3 0.18* 
Н Р А В 11 15.38 -0 .14 5.21* 6.46 0.25 0.39* 
Н Р А В 12 18.24** 0.55 6.32* 5.92 - 0 . 5 8 0 . 0 1 
HP AB 13 15.98 -0 .03 - 1 . 1 5 7.06 0.55 0.53* 
HP AB 14 15 50 - 0 17 4 88 6 77 - 0 56 0 78* 
Н Р А В 15 14.83 0.34 1.57 5.79 0.44 0.70* 
Н Р А В 16 13.76 0.03 - 0 . 4 7 6.97 - 0 . 0 8 0.01 
Н Р А В 17 16.55 - 0 . 0 1 7.02* 6.72 - 0 . 1 2 0.70* 
Н Р А В 18 17.48* 0.17 3.21 6.49 - 0 . 3 5 0.33* 
HP AB 19 14.34 -0 .68* 4.64 6.32 0.46 0.48* 
HP AB 20 12.64 0.31 8.28* 5.90 - 0 . 5 0 0.41* 
HP AB 21 15.14 0.32 - 1 . 5 8 6.77 - 0 . 0 8 0.15* 
HP AB 22 14.15 -0 .30 5.06* 6.61 0 . 0 1 - 0 . 0 1 
HP AB 23 13.50 0.06 9.17* 7.16 - 0 . 3 0 0.81* 
HP AB 24 14.32 - 0 . 1 1 6.74* 7.07 - 0 . 7 0 0.30* 
HP AB 25 14.62 0.04 2.17 6.84 1.82** 0.08 
HP AB 26 13.50 0.07 - 1 . 3 2 7.26 - 0 . 0 2 0.14 
HP AB 27 14.03 0.23 1.35 7.60* 0.67 0.02 
HP AB 28 15.42 0.51 9.73* 7.09 0.07 0.47* 
HP AB 29 15.21 - 0 . 2 3 - 0 . 3 6 6.85 0.31 - 0 . 0 1 
HP AB 30 15.71 -0 .28 1.19 7.18 0.54 0.12 
HP AB 31 15.60 0.38 18.04* 7.36 - 0 . 0 8 0.71 
HP AB 32 14.88 0.49 0.75 7.15 - 0 . 2 0 0.19 
HP AB 33 14.96 0.19 - 2 . 5 0 6.45 0.58 0.31 
Н Р А В 34 13.50 -0 .41 8.13* 6.91 0.38 0.53 
HP AB 35 14.29 -0 .20 - 0 . 6 6 7.31 0.22 0.28 
HP AB 36 15.65 0.03 3.34 6.53 - 0 . 1 7 0.18 
HP AB 37 15.26 -0 .48 8.42* 6.79 - 0 . 2 3 0.33 
HP AB 38 16.88* 0.17 9.59* 5.71 - 0 . 5 8 0.09 
HPU-51 5.24 -1.10** 6.44* 3.62 -1 .11* 0.30 
AI 13.64 -0 .10 20.09* 6.56 0.61 0.48 
Mean 14.71 6.93 
SE± 1.08 0.30 0.28 0.56 
*.** Significant at the 5% and 1% levels, respectively 
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in seed and pod yield due to the addition of nitrogen fertilizer. For seeds/pod, 
environments E u E2 and E3 were observed to be favourable at Palampur. For 
100-seed weight, the higher doses of P2Os appear- to have positively contributed 
to the increase in seed size, as indicated by the best environment in Palampur, 
which was E 4 (N0P40). This view is further supported by the similar trend of 
results shown at Sundernagar. 
The manipulation of different fertility gradients made it possible to create 
different micro-environments at both the locations and, as expected, this crop did 
not respond to nitrogen application, though a slight trend was observed after 
phosphorus application. 
From a practical point of view it is imperative to examine the results 
obtained f rom the individual regression analysis with respect to the nature and 
magnitude of the G * E interaction for each genotype studied. 
A genotype having a high mean and regression coefficient (ß) and a 
deviation f rom regression coefficient (S2d) equalling zero is considered to be 
superior (Perkins and Jinks, 1968). The different genotypes used in this study, 
however, did not exhibit uniform stability and responsiveness patterns for all the 
characters (Table 4a 4b). The stability and responsiveness appeared to be 
specific for specif ic characters within a single genotype (Table 5). For instance, 
the best performing genotypes for different characters were НРАВ 30 for seed 
yield, НРАВ 24 for seeds/pod, НРАВ 12 for pods/plant and НРАВ 27 for 100-
seed weight. However, the best perfonning genotypes associated with stability 
were НРАВ 1 1 and НРАВ 28 for seed yield/plant, НРАВ 21 for seeds/pod, 
НРАВ 3 for pods/plant and Н Р А В 22 for 100-seed weight (Table 5). It was also 
observed that generally genotypes with relatively high seed yield (НРАВ 17 and 
НРАВ 18), seeds/pod (НРАВ 24) and pods/plant (НРАВ 12 and НРАВ 38) 
exhibited low stability, indicating that mean performance and stability are two 
different components, genetically controlled in different manners. Similar 
findings were reported by Bucio-Alanis et al. (1969), Verma et al. (1978), Singh 
and Gupta ( 1984) and Singh ( 1988). 
Table 5 
Distribution of genotypes on the basis of performance, responsiveness and stability as determined 
on the basis of parameters (u + di) + ßi and (u + di) + S2di 
Traits Performance Responsiveness Stability-
Bg* Pg Mrg Lrg Msg Lsg 
Seed yield plant 
Seeds/pod 
Pods/plant 
100-seed weight 
НРАВ 30 
НРАВ 24 
НРАВ 12 
НРАВ 27 
HPU 51 
Н Р А В 1 
HPU 51 
HPU 51 
НРАВ 26 
HPU 51 
НРАВ 10 
НРАВ 25 
HPU 51 
НРАВ 30 
HPU 51 
НРАВ 9 
НРАВ 11 
НРАВ 21 
НРАВ 3 
НРАВ 22 
НРАВ 18 
HPU 51 
НРАВ 4 
НРАВ 4 
* Bg: Best genotype; Pg: Poorest genotype; Mrg: Most responsive genotype: Lrg: Least responsive 
genotype. Msg: Most stable genotype: Lsg: Least stable genotype 
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The genotype НРАВ 30, having the highest seed yield/plant and average 
performance for seeds/pod, pods/plant and 100-seed weight, was also observed 
to be moderately responsive (ßi = 0) and stable (S2d = 0) for all these traits. The 
genotypes НРАВ 19 and НРАВ 25 were found to have above-average 
responsiveness (ß>0) and to be stable (S2d = 0) for seeds/pod and 100-seed 
weight, respectively, whereas НРАВ 19 was observed to have below-average 
responsiveness (ß<0) and to be stable (S"d = 0) for pods/plant. These results 
indicated that overall stability for seed yield and its components was found in the 
genotype НРАВ 30. The genotypes НРАВ 19 and НРАВ 25 can exceed the 
average performance under favourable environments for seeds/pod (low and 
equal doses of nitrogen and phosphorus only at Palampur) and 100-seed weight 
(high doses of phosphorus both at Palampur and Sundernagar). The genotype 
НРАВ 19 was expected to perform better with respect to pod yield even under 
poor environments (application of nitrogen fertilizer at both the locations). 
Besides giving high grain yield, the genotype НРАВ 30 was also found to 
be resistant to leaf spot diseases and tolerant to lodging, which is lacking in urd 
bean and mung bean. It can thus be recommended for cultivation in the mid-hills 
of the north western Himalayas and for exploitation as the best parent for further 
adzuki bean improvement. 
References 
Bucio-Alanis, I . Perkins, J. M Jinks. J L (1969): Environment and genotype-environmental 
components of variability. 5. Segregating generations. Heredity. 24, 155-157. 
Chaudhary. H К.. Kalia. V., Ahuja. S L (1991a): Selection of stable genotype for yield and 
harvest index in black gram ( Vigna mungo L. Hepper). Agric. Sei. Digest. 11, 59-62 . 
Chaudhary, H. K., Kalia, V , Ahuja. S. L. (1991b): Genotype-environment interaction in black gram 
(Vigna mungo L. Hcppcr) J. Hill Res.. 4, 13-18 
Eberhart, S. A , Russell, W. A. (1966): Stability parameters for comparing varieties. Crop Sei.. 6, 
34-40 . 
Gupta, V. P.. Pathik. S. R.. Kalia, N. R. (1980): An appraisal of research achievements for the 
genetic amelioration of mash. Kulthi. rajmash. pigeonpea and ad/uki bean in Himachal 
Pradesh during the last five vears All India Kharif Workshop Conference held at Kanpur 
from 7th to 10th Apnl, 1980." 
Panse. V G , Sukhatmc, P. V (1971): Statistical Methods for Agricultural Workers. 1CAR New 
Delhi 
Perkins, J. M., Jinks, J L. (1968): Environmental and genotype - environmental components of 
variability. 111. Multiple lines and crosses. Heredity. 23, 339-356. 
Singh. D.. Gupta. P K. (1984): Selection of diverse genotypes for heterosis in yield and response in 
toria (Brassica campestris L .). Theor Appt. Genet.. 69, 515-517. 
Singh, S. P (1988): Clustering of genoty pes for selection of a proposed method for heterosis in 
yield and response to environmental variation in mungbcan (Vigna radiata L ). Genome. 
30, 835-837. 
Vcrma. M. M., Chahal. G. S., Murty, В R. (1978): Limitations of conventional regression 
analysis: a proposed modification Theor. Appl. Genet.. 53, 89-91. 
Yates, F., Cochram. W. G. (1938): The analysis of group experiments.,/. Agric. Sei.. 28, 556—580. 
Acta Agronomica Hungarica 44, 1996 
Acta Agronomica Hungarica, Vol. 44(2), pp. 177 195 (1996) 
ROLE OF THYROID HORMONES DURING SPRING 
MATURATION AND AT THE BEGINNING 
OF THE EGG-LAYING PERIOD IN FEMALE GEESE 
VIKTÓRIA FORGÓ, P. PECZELY, D O THI D O N G XUAN a n d C S . HARGITAI 
DEPARTMENT OF REPRODUCTIVE BIOLOGY, UNIVERSITY OF AGRICULTURAL SCIENCES, 
GÖDÖLLŐ, HUNGARY 
(Received: 2 8 October, 1994; accepted 10 July, 1995) 
Changes in the thyroid hormone level in female domestic geese were examined during 
maturation and during the egg-laying period It was observed that lipid and protein depos 
started to become incorporated at high thy roid hormone levels before the egg-laying season, 
even during the short winter photopenod The increase in body weight during the 
reproductive cycle was due to an increase in the weight of the reproductive organs (ovary , 
oviduct) brought about by the effect of 17-ß oestradiol (E2) and progesterone (P4). The T4 
and T3 levels were high in the prepubertal period and their level gradually decreased during 
maturation and egg-lay ing. In spite of this, none of the thyroid hormones was in negative 
correlation with the E2 and P4 levels during the whole period examined. On the other hand, 
the levels of thyToid hormones were positively correlated with that of testosterone (T) which 
decreased consistently during the reproductive cycle. During the maturation period. P4 
showed a negative correlation with both thyroid hormones, whereas E2 was correlated 
positively. Al Ihc peak of the egg-laving period, E2 was in positive correlation with T4, 
while T was in negative correlation with T3. After the peak there was a slight, but not 
significant, increase in T4 The level of T4 was moderate and showed a negative correlation 
with the minimum radiation temperature the day before blood-taking The T3/T4 molar ratio 
in the geese was low in comparison with other bird species, falling within the range 0.07 and 
0.15. 
Key words: thy roid hormones, maturation, egg-laying, changes in body weight, feed 
consumption, female domestic geese 
Introduction 
The hierarchical function of the hypothalamus (TRH) - hypophysis (TSH) 
thyroid axis determines the plasma level of circulating thyroxine (T4) and 
triiodothyronine (T3) hormones. However, the level of the most effective thyroid 
hormone, T3, also depends on the 5'-monodeiodinase activity of the liver and on 
the quantity of available T4 substrate (Scanes and Griminger, 1990). 
Thyroid hormones have a manifold function in birds. First of all, they have 
a metabolic effect. They influence body weight and the growth of the muscles, 
the chondrous and the bones (King and May, 1984). They regulate the heat 
generation of the organism (Herbuté et al., 1983) and they are essential for 
reproduction; they are also vitally important for stimulating and maintaining egg-
laying in females (Lien and Siopes, 1989), for terminating this period (Scanes 
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et al., 1979; Burkç et al., 1977), and for inducing moulting (Scanes et al., 1979; 
Pethes et al., 198^'; Péczely, 1986). 
The level óf thyroid hormones, their proportions and their physiological 
role greatly depend on age, physiological state and environmental factors (length 
of photoperiod, temperature). In the course o f ontogenesis, the ratio of thyroid 
hormone secretion in chickens decreases (Tanabe, 1965) and it is lowest 
immediately preceding maturation. The reciprocal relationship of the function of 
the ovary and o f the thyroid hormones in Japanese quails and domestic hens is 
wellknown (Péczely et al., 1980; Sharp and Klandorf, 1981). It has also been 
established that during the reproductive cycle the level of thyroid hormones is 
low. 
Changes in the level o f thyroid hormones in the natural annual cycle have 
been widely recognized in the case of male wild birds, such as starlings (Dawson 
et al., 1986), ducks (Jallageas et al., 1978; Jallageas and Assenmacher, 1979), 
ptarmigans (Stokkan et al., 1988) and wild turkeys (Burke et al., 1977). There is 
also a wide range of data on continuously reproducing domestic hens and 
Japanese quails (Decuypere and Kühn, 1988; Kühn et al., 1993; Follett and 
Riley, 1967). 
In the seasonally active turkey, changes in plasma T3 and T4 levels were 
observed during the maturation and egg-laying periods (Lien and Siopes, 1993). 
Seasonal data are available on the thyroid honnone levels in Canadian geese 
(John and George, 1978), rooks (Péczely and Pethes, 1982) and Balkan doves 
(Péczely and Pethes, 1980). In the case of migrating birds, thyroid honnones 
play an important role in inducing migratory restlessness. This fact prevents a 
comparison between migrating and sedentary types (Kar and Chandola. 1985). 
In the present study, thyroid hormone levels in female domestic geese 
were examined before and during maturation and during the egg-laying period. A 
relationship was sought between the levels of T3 and T4 and changes in 
temperature and the plasma level of steroids. Furthennore, the question was 
raised whether there was any interrelation between body weight, feed 
consumption and egg production on the one hand, and the seasonal changes in 
the thyroid hormone level on the other. 
Materials and methods 
Animals 
The experimental group eonsisted of 15 one-year-old grey Landes female geese. The 
animals were kept under a natural photoperiod in a pen provided with a flow-through drinking 
system During the experiment (from 27 December 1991 to 13 April 1992). the birds were given a 
granulated feed with a 16% crude protein content acl libitum The daily fodder consumption was 
calculated from a known quantity by retrospective measurement This fodder was supplemented 
with feeding lime and small pebbles. The birds were also given a 5-day v itamin treatment in their 
water each month (JOLOVIT - 2 ml/animal/day). 
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Fig. I. The graph describes the length of daylight 
and the daily lowest radiation temperature at ground level dunng the experiment 
(from 27th December, 1991 to 13th April. 1992) 
The birds were marked individually with aluminium neckbands Blood was taken from the 
veins of the w ings every second week from 27 December 1991 Body weight measurements were 
started earlier, on 26 November 1991, and then continued simultaneously with blood taking. 
Measurement of hormones 
The ' " l - T 4 (levothyroxine) and 12,I-T3 (liothyromne) RIA in vitro (PEG) kits produced by 
the Isotope Institute of the Hungarian Academy of Sciences, Budapest, were used for the analysis. 
The principle of the assay conformed to that of any other RIA test. The labelled T3 or T4 
competed with the unlabclled thyroid hormones present in the plasma for the bonds of the antibody 
The combined hormones were precipitated by the PEG 6000 aqueous solution. The precipitate was 
separated by centrifugation and could be measured using a gamma counter The number of counts 
measured w as in inverse proportion to the hormone content of the sample 
When calculating the T3/T4 molar ratio, the individual plasma T3 and T4 concentrations 
were divided by the following molecular weights: T3/651. T4/776.9 
The analysis of variance of the results was carried out using Minitab R statistical software. 
Environmental factors 
Environmental factors in the course of the experiment are shown in Figure 1. Daylight 
during ihc experiment ranged from 8 h 28 mins to 13 h 29 mins 
Changes in thyroid hormones were examined in relation to temperature 
(daily average temperature, temperature at 7 a.m., daily lowest temperature at 
ground level). As blood was always taken at the same time of the day, i.e. at 10 
a.m., correlative calculations were also made with the temperature data of the 
previous day. A moderate negative correlation was only found between T4 and 
Results 
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the minimum radiation temperature at ground level (CC= -0 .66706, P<0.05). 
For this reason, only this temperature curve is represented. The T4 points 
represented in the function o f the lowest radiational temperature of the previous 
day can be described by the following linear equation y=14.16235±0.70415*x 
(Fig. 2). The T 3 level showed no correlation to any set of temperature data. 
-12 -8 -4 0 
temperature (°C) 
• T4 
Fig. 2. The T4 points arc represented as a function of the minimum daily ground temperature 
of the previous day (linear equation v=14.16235±0.70415*x) 
Thyroid hormones and the spring cycle 
The level of T4 was highest during the shortest days (27 December, length 
of daylight: 8 hours 28 minutes). It subsequently decreased steadily until 4 
March, when there was a gentle rise. On 31 March the value of T4 returned to the 
low level detected at the beginning of March and was followed by another slight 
increase in the first days of April (Fig.3, Tables 1 and 2). 
The levels of T3 were relatively low at the end of December. They reached 
a peak at the beginning of January, and f rom this time on gradually decreased 
throughout the remainder o f the period examined. 
The T3 77 molar ratio and the spring cycle 
The greatest transformation of the T4 plasma level could be detected at the 
beginning o f January (Fig. 4, Table 3). Then the rate of conversion gradually 
decreased. 
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Fig. 3. The level of T4 decreased gradually between 27th December and 4th March 
There were gentle rises in the middle of March and at the beginning of April 
The level of T3 was relatively low on the shortest day (27th December). 
There was a peak at the beginning of January and from this time on it 
dipped slightly during the remaining period 
Feed consumption and changes in body weight 
Feed consumption showed a significant fluctuation until the start of egg 
production, but the averages of the previous 27 days and those of the 80 days 
during production did not deviate (200±41.3 g and 192±21.5 g). During egg 
production, feed consumption became steadier (Fig. 5). 
27 Dec 6 Jan 14 Jan. 22 Jan. 5 Febr. 19Fcbr 4 March 18 March 31 March 
6 Jan <0.01 
14 Jan NS <0.05 
22 Jan NS <0.05 NS 
5 Feb NS <0.001 <0.01 NS 
19 Feb. NS <0.001 <0.05 NS NS 
4 March <0.01 <0.001 <0.001 <0.05 NS NS 
18 March <0.05 <0.001 <0 001 <0.05 NS NS NS 
31 March <0.01 <0.001 <0 001 <0.01 NS NS NS NS 
13 Apr. <0.05 <0.001 <0 001 <0.05 NS NS NS NS NS 
NS non significant 
Table 1 
Values of P in the analysis of variance of T3 
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Fig. 4. The greatest rate of T4/T3 conversion was detected 
at the beginning of January , after which the transformation 
of the T4 plasma level declined gradually 
Body weight and egg production 
The smallest body weight was measured at the end of November (3.72 kg± 
0.5), but this reached 4.57 kg (±0.55) by the end of December, which was a 
significant increase of 0.85 kg (PO.OOl). The body weight of the females 
decreased slightly before egg production and stalled to increase as egg 
production began. A maximum value was reached at the peak of egg production. 
No relation was found between changes in body weight and feed consumption 
(Fig. 6). 
Table 2 
Values of P in the analy sis of v ariance of T4 
27 Dec. 6 Jan. 14 Jan. 22 Jan. 5 Febr. 19 Febr. 4 March 18 March 31 March 
6 Jan. NS 
14 Jan <0.05 NS 
22 Jan. NS NS NS 
5 Feb. <0.001 <0.01 <0.01 <0.01 
19 Feb. <0.001 <0.001 <0.001 <0.001 NS 
4 March <0.001 <0.001 <0.001 <0.001 <0.05 
18 March <0.01 <0.05 <0.05 <0.05 NS 
31 March <0.001 <0.001 <0.001 <0.001 <0.05 
13 Apr. <0.001 <0.01 <0.01 <0.01 NS 
NS - non significant 
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Table 3 
P values of the analysis of variance of the T4/T3 conversion 
27 Dec. 6 Jan. 14 Jan. 22 Jan 5 Febr. 19 Febr. 4 March 18 March 31 March 
6 Jan. NS 
14 Jan. NS NS 
22 Jan. NS NS NS 
5 Feb NS NS NS NS 
19 Feb NS NS NS NS NS 
4 March NS NS NS NS NS NS 
18 March NS <0.05 <0.05 NS NS NS NS 
31 March NS <0.05 <0.001 NS NS NS NS NS 
13 Apr NS <0.05 NS NS NS NS NS NS NS 
Egg production started on 24 January at a photoperiod of 9 hours 12 
minutes. The peak production of the group (73 %) was reached on 19 February 
(photoperiod: 10 hours 29 minutes) and from 24 March (photoperiod: 12 hours 
21 minutes) it continued to decrease throughout the remainder of the experiment. 
Discussion 
In this paper the data of sex steroid analyses published in a paper on the 
same topic are discussed. The results of the experiment on domestic geese have 
confirmed the interrelationships found in other birds, indicating that the functions 
of the thyroid are mainly influenced by the photoperiod, temperature and ovarian 
- * r - body weight -i— feed consumption 
Fig. 5. Feed consumption showed an intensive fluctuation until 
the end of January, and then became relatively constant 
during the period of egg production 
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Fig. 6. After a slight dip before the start of egg production, 
the body weight of the females increased sharply 
Maximum body weight was reached at the peak of egg production 
and from this time on it showed a slow fall 
sexual steroids and their interactions. The high values of T4 at the end of 
December decreased continuously as the photoperiod progressed. 
The effect of photostimulation on the function of thyroid hormones was 
studied in female quails by Péczely et al. (1980) and Sharp and Kandorf (1981 ), 
in whose experiment a short photoperiod (6L:18D) was followed by a long 
photoperiod (18L:6D). In both publications, as a result of the prolonged 
photoperiod the T4 level decreased (after the 24th day of photostimulus), but 
Sharp et al. (1981) also detected a significant T4 peak preceding the decrease, on 
the 19th day of photostimulation. The level of T3 did not change for a time; it 
started to drop only after the 15th day. The decrease in T4 and T3 coincided with 
the sexual maturation of the quails. 
Lien and Siopes (1989) also studied the effect of light on the thyroid 
functions of turkeys (8L: 16D->14L: 10D). The photostimulus was followed by a 
peak, then a decrease in T4, whereas T3 dropped gradually throughout the given 
period. These results support the data obtained by Sharp and Klandorf ( 1981 ). 
In the present experiment a regular decrease in T4 was detected. Although 
there was a slight but not significant increase on 18 March, this can be explained 
by the fact that the birds were kept under a natural photoperiod (the daily 
increase in the photoperiod was only 3-4 minutes), so the seasonal photostimulus 
cannot be compared to the experiment mentioned above, where there was a 6-12 
hours daily increase in the photoperiod without any transition. Similarly, no T4 
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peak was found in the case of turkeys with a natural cycle (Lien and Siopes, 
1993), where there was a linear decrease from January to the beginning of egg-
laying early in March. 
In the present experiment, a significant T3 peak was found in the first few 
days of January, which corresponds to the highest (non-significant) T3/T4 values. 
Following this, the level of T3 gradually dropped until the end of the period 
examined. John and George (1978) measured the highest T3 values in Canadian 
geese just before migration (at the beginning of March). These values rose only 
slightly, but not significantly, at the time of egg-laying. In the period following 
this, the values gradually dropped until the autumnal migration. The domestic 
goose can be considered as a domesticated bird only to a certain extent; in many 
respects it has preserved the characteristics of a wild bird (seasonal reproduction, 
ethological features). It can be supposed that the high T3 (or T3/T4) value 
detected in this experiment reflects a latent endogenous hormonal rhythm which 
may characterize geese in general. 
Lien and Siopes (1993) detected a continuous increase in T3 in turkeys 
from January to the egg-laying period. Following this, the T3 level dropped and 
remained low during egg production. 
Considereng the data on T4/T3 conversion, the results of Rudas and Pethes 
(1984) show that the ratio of conversion in chickens is very high (70%) 
(conversion ratio: 100 x T3/T4) compared to values measured in mammals 
(30%). They explain this fact by the absence of thyroxine-binding globulin and 
the extremely fast breakdown of T4. 
Cogburn and Freeman (1987) examined the thyroid hormone production 
of young chickens at different temperatures. They found the molar ratio of 
T3/T4 to range from 0.1 to 0.6, depending on the temperature. Sharp and 
Klandorf (1981) carried out photostimulation in Japanese quails. The T3/T4 
molar ratio calculated from the T3 and T4 plasma values given in their 
experiment falls between the values 0.37 and 1.34. 
The values obtained in the present experiment are very much lower (0.07-
0.15) than the results achieved with chickens and Japanese quails. Presumably, 
this is due to the specific characteristics of geese. This hypothesis is confirmed 
by the T3/T4 ratio (0.06-0.3) calculated by John and George (1978) from values 
in Canadian geese. Their values fall within the range measured in the present 
work. 
In the present experiment, the highest, non-significant T4/T3 conversion 
value (0.155) was detected at the beginning of January, followed by a gradual 
decrease until 5 February. 
Observations showed that the body weights measured at the beginning of 
the winter (3.72 kg±0.5) reached 4.57 kg (±0.55) by the end of December, 
representing an increase of 0.85 kg in one month. Simultaneously, at the end of 
December, high T3 and extremely high T4 levels were detected in the females. 
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The changes in body weight may be explained by several phenomena 
having a similar physiological effect. In 1 year old birds hatched in spring, a 
juvenile photorefractoriness is brought about by the short photoperiod from the 
end of summer until midwinter, which is responsible for the fast somatic 
development (growth) preceding maturation (Follett, 1991). Hyperphagia leads 
to the formation of lipid and protein depos in the pectoral muscles and at the 
same time it sets off premigratory metabolic changes. The intensive growth of 
the body detected in the experimental geese between November and December 
can be compared with the results of John and George (1978), who observed an 
intensive increase in body weight in migrating Canadian geese in the 
premigratory period preceding the reproduction cycle. The highest T4 level was 
measured at the end of December, which may be related to anabolic processes 
such as the intensive incorporation of proteins. This hypothesis conforms to the 
findings of Lauterio et al. (1986). 
No data are available on changes in feed consumption at the time of the 
most intensive increase in body weight (from November to December). 
Presumably there must have been a high daily feed consumption corresponding 
to the rapid increase in body weight, because after this period there was no 
difference in feed consumption before and after the egg-laying season (200 g ± 
41.3 g and 192 g ± 21.5 g). 
200 g of fodder intake can be considered as a fairly low level, especially if 
it is compared to other data (Sauveur, 1982) which show an increase in feed 
consumption as egg production continues in 2-3 year old Landes geese (up to 
400 g). The difference may be due to the fact that the egg production of the 
experimental geese in the present experiment did not reach the expected rate 
(135-145 days). A further significant difference was that fodder was provided ad 
libitum in this experiment, whereas under fanning conditions portions are fairly 
restricted in the period preceding egg production. A daily intake of 200 g of 
mixture fodder and ad libitum hay supplement seems to have been sufficient for 
the rate of egg production observed during the experiment. 
At the beginning of January (high T4 value), a slight drop in body weight 
was'detected (an average of 130 g) at the time of the T3 peak. According to 
Decuypere and Kühn (1988) and May (1980) the hypothyroid state reduces 
growth and the deposition of abdominal lipids and presumably T3 stimulates 
lipolysis in synergism with catecholamines. In turkeys this state is accompanied 
by a rise in body temperature (Biliezikian et al., 1980). On the basis of a 
moderate correlation between the T4 level and the lowest radiation temperature, 
it may be supposed that high thyroid honnone values were caused by cold 
weather at the beginning of January (5 Jan 6.5 °C). This stimulated the 
breakdown of lipids and, as a result, spurred the production of metabolic energy, 
which may be responsible for the decrease in body weight. 
When maturation starts (14 January, coinciding with a significant increase 
in P4 and E2 and a decrease in T) there is a slow increase in body weight in 
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geese. At this time the group of females cannot be considered homogeneous 
from the point of view of sexual development; there are some individuals in a 
more advanced state of maturation. Egg production started on 24 January and 
peaked on 19 February. This process is well reflected by the P4 levels in the 
plasma, which reached their highest value at the time of peak production of the 
stock. Body weight changes in accordance with P4. It is highest at the peak of 
egg production. From this it can be concluded that the increase in body weight 
during the reproductive period (the difference between active and inactive 
females is about 400 g) is not the result of the growth of muscle or adipose 
tissues, but can be attributed exclusively to the growth of the ovary and oviduct. 
The body weights of active and inactive females were compared and the 
difference was significant at a level of 0.1% (4.45 kg±0.45, 4.68 kg±0.59). 
According to unpublished data, the weight of the oviduct in an active female may 
vary from 89.7 g to 132.6 g and that of the ovary from 191.9 g to 244.8 g, which 
seems to support this hypothesis. 
By the end of the reproductive period the females return to the body 
weight measured in their inactive state, which corresponds to other results in the 
literature and points to the fact that, unlike hens, geese do not produce a fat depo 
during egg production (Schneider, 1981). 
Although, on examining the whole of the spring reproductive cycle, 
thyroid hormones were found to vary in inverse proportion to reproductive 
activity, no negative correlation could be found either in the case of E2 or P4. At 
the same time testosterone shows a strong positive correlation with the 
continuously decreasing thyroid hormones (T and T4, cc=0.865, pO.OOl; T and 
T3, cc=0.765, pO.Ol). 
However, a distinction is made between maturation and the egg-laying 
period within the spring cycle and if these two periods are examined 
independently, it can be seen that in the period of maturation P4 shows a 
negative correlation with both thyroid hormones (P4 and T3, cc= -0.98, 
p<0.001; P4 and T4, cc= -907, p<0.05) whereas E2 proves to be in positive 
correlation with them (E2 and T3, cc=0.991, pO.OOl; E2 and T4, cc=0.932, 
p<0.01). 
In the period of peak production, E2 shows a positive correlation to T4 
(cc=0.992, p<0.001), whereas T is in negative correlation with T3 (cc= -0.964, 
pO.OOl). 
In the middle of March, after the peak of egg production, a non-significant 
T4 peak was detected, which preceded a slow decrease in egg production. In 
contrast to these data, John and George (1978) observed a slight, non-significant 
increase in T3. 
Verheyen et al. (1986) examined the effect of T4 and T3 on the egg 
production of hens and found that as a result of 3 consecutive T3 injections 
production fell back by 39%. Although T4 seemed to have no influence in this 
respect, it brought forward the moulting of the hens by one month in comparison 
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with the control group and also reduced the length of the moulting period. It may 
therefore be supposed that the rise in T4 detected in the experiment may be 
related to moulting, which marks the end of the egg production season. This is 
confirmed by Lien and Siopes (1993) who found that the level of T4 grew as egg 
production gradually decreased. 
To summarize, the incorporation of lipid and protein depos occurs before 
photostimulus, even in the short winter photoperiod at high thyroid hormone 
values. The increase in the body weight of females during the reproductive 
period is due to the growth of the reproductive organs (ovary, oviduct). The level 
of T4 is in negative correlation with the minimum radiation temperature of the 
previous day. During the reproductive cycle examined, the level of thyroid 
hormones gradually dropped and after the peak of egg production there was a 
slight, non-significant increase in T4. The T3/T4 molar ratio in geese was low 
(0.07-0.15) in comparison with other bird species. 
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CRITICAL DEFICIENCY LEVEL OF MANGANESE 
FOR COWPEA (VIGNA UNGUICULATA) 
GROWN ON LOAMY SAND 
R. L. BANSAL and V. K. NAYYAR 
DKPARTMENT OF SOILS, PUNJAB AGRICULTURAL, UNIVERSITY, LUNDI II ANA, 141 004, INDIA 
(Received: 30 August, 1994; accepted: 30 November, 1995) 
A pot experiment was conducted on a Mn-deficient loamy sand to determine the 
critical deficiency level of Mn for predicting the response of cowpea to Mn application. 
There were 15 rates of Mn (0 to 600 mg Mn kg 1 soil). The dry matter yield of 45-day-old 
cowpea plants increased with successive dose^of Mn, the maximum being 16.5 g pot after 
which it declined non-significantly. The Mn concentration in the plant also increased 
significantly with a successive increase in the level of added Mn. Soil Mn was significantly 
related to the Mn concentration in the youngest leaf blade (r=0.72**) and to Mn uptake 
(r=0.98**) Both the graphical and statistical procedures of Cate and Nelson (1971) 
indicated the critical level to be 2.4 mg kg 1 soil of DTPA extractable Mn. The critical 
deficiency level of Mn in the youngest leaf blade of 45-day-old cowpea was 41 pg g 1 dry 
matter. 
Key words: cowpea. critical level, Mn deficiency, Mn uptake 
Introduction 
Cowpea (Vigna unguiculata) is an important leguminous crop in Indian 
agriculture. It is widely used as food, but the yields are often low. The poor yield 
of this crop despite the adequate application of NPK fertilizer has been ascribed 
to the inadequate supply of micronutrients in the soil. The need to apply Mn 
depends upon the available Mn status. Therefore, the establishment of a critical 
level of Mn in the soil is a prerequisite to distinguish Mn-deficient from Mn-
sufficient soils. The critical level of Mn varies with the crop and soil. Although 
several studies have shown significant responses of cowpea to NPK fertilization 
(Agboola and Obigbesan, 1977; Kumar and Pillai, 1979), information is lacking 
regarding the critical level of soil-available Mn for predicting the profitable 
response to Mn application by cowpea on loamy sand (typic Ustochrepts) in 
Punjab, India. The DTPA (diethylene triamine penta acetic acid) method of 
Lindsay and Norvell (1978) has been found to be the most suitable and efficient 
in predicting the response of crops to applied Mn in Indian soils (Gangwar and 
Singh, 1992). This extradant was therefore employed for determining the 
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available Mn status in the soils. The present investigation was undertaken to 
study the response and critical deficiency level of Mn in the soil and plant for 
cowpea. 
Materials and methods 
A greenhouse expenment was conducted in a Mn-deficient soil during the kharif season of 
1993 at Punjab Agricultural University, Ludhiana, India (30°56'N and 75°32'E and 247 m above 
mean sea level). The soil was a loamy sand of the Ustochrcpts group The soil had pH 8 1. electrical 
conductivity 0.2 dS m 1 at 25°C (1:2 soil:water suspension), organic carbon 0.39%, available P 10.6 
mg kg"1 soil and DTPA-extractable Mn 1.46 mg kg ' soil Earthen pots of 5 kg capacity were 
numbered, lined with polvethvlene bags and filled with 4 kg soil. The treatments consisted of 15 
rates of Mn (0, 2.5, 5.0, 10, 15, 20, 40, 60, 80, 100, 200, 300, 400, 500 and 600 mg kg 1 soil) 
supplied in the form of manganese sulphate. All the treatments were replicated four times in a 
completely randomized design. After incubating the soil at 80% moisture at 1 /3 bar tension for a 
period of 4 weeks, a soil sample was taken from each pot to estimate the DTPA-Mn in each treated 
pot before the crop was sown. Each pot was given 20 mg N and 24 mg P kg 1 soil as a basal dose in 
the form of urea and potassium dihydrogen orthophosphate. Eight seeds of cowpea (cv Cowpea 88) 
were sown per pot and were thinned to four plants per pot after germination. The crop was grown 
for a period of 45 days. 
In view of the greater changes observed in the Mn concentration in physiologically active 
leaf blades in response to variations in the Mn supply, the youngest leaf blade was sampled from 
each pot at the time of harvest and the remaining plants were removed by cutting at the soil surface. 
These were washed with 0.1 N HCl. distilled and deionized water, dried at 70 °C and ground in a 
stainless steel mill to pass through a 20 mesh sieve. The plant material was wet ashed m a nitric-
perchloric-sulphuric acid mixture. The soil samples were analysed for them mitial available Mn 
content by extraction with a 0.005 M DTPA buffer solution (diethylene triamine penta acetic acid 
containing 0 1 M triethanol amine and 0.01 M СаСЬ adjusted to pH 7.3 with diluted HCl) using a 
soil solution ratio of 1:2 and a shaking time of 2 hours (Lindsay and Norvell, 1978). The manganese 
content in soil and plant extracts was determined by atomic absorption spectrophotometry The 
critical deficiency level of Mn in soil and plants was estimated by the procedures of Catc and Nelson 
(1965, 1971). 
Results and discussion 
Yiel(J and Mn uptake 
The dry matter yield of 45-day-old cowpea plants increased with a 
successive increase in the level of DTPA-Mn. The highest increase in the dry 
matter yield over the control was recorded at 4.42 mg Mn kg 1 soil, beyond which 
the yield started to decline. At the highest Mn level (18.14 mg Mn kg 1 soil) tested 
in the present study, the yield decreased non-significantly from the maximum 
(16.5 g pot ') and remained higher than the control yield (12.4 g pot'1). The 
enhanced supply of Mn, resulting from the increasing rates added to the Mn-
deficient soil, was responsible for the observed increase in yield. This is 
substantiated by a significant increase in the concentration of Mn in the youngest 
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Table I. 
Effect of Mn on the yield and Mn uptake of cowpea 
Treatment DTPA Dry matter % of the Mn uptake Mn conc. in 
No. Mn (mg extractable yield maximum (pg роГ1) index leaf 
kg 1 soil) soil Mn* (gpot') yield (pg/gdrywt.) 
1. 0.0 1.46 12.4 75 291 21 
2. 2.5 1.68 13.5 82 371 24 
3. 5.0 1.90 14.1 85 493 34 
4. 10.0 2.30 14.4 87 609 38 
5. 15.0 2.50 15.3 93 727 44 
6. 20.0 3.00 16.0 97 1003 54 
7. 40.0 4.42 16.5 100 1265 60 
8. 60.0 6.38 16.2 98 1701 66 
9. 80.0 7.64 16.0 97 1792 70 
10. 100.0 11.86 16.4 99 1984 84 
11. 200.0 13.40 15.9 96 2483 130 
12. 300.0 15.40 15.5 94 3162 153 
13. 400.0 16.18 15.2 92 3428 180 
14. 500.0 17.24 15.4 93 4081 216 
15. 600.0 18.14 14.9 90 4190 235 
LSD(0.05) 2.0 72 
* (mg kg 1 soil) 
leaf blade as well as in the whole shoot. The percentage increase in dry matter 
yield with the increase in DTPA-Mn varied from 7.2 to 33.0 (Table 1). The 
manganese concentration in the youngest leaf blade was found to increase 
progressively with the increase in DTPA-Mn, increasing from 21 pg g 1 in 
the control to 231 pg g ' at the highest level of DTPA-Mn. Also, the 
concentration of Mn in the whole shoot in the control treatment was 23 pg g ' 
and this increased to 281 pg g ' dry matter. 
The Mn uptake by cowpea increased with an increase in the Mn level in 
the soil and ranged from 291 to 4190 pg pot '. There was a 1.3- to 14.4-fold 
increase in Mn uptake over the control treatment with the increase in soil Mn. 
There was a significant coefficient of correlation between Mn uptake and the Mn 
concentration in the youngest leaf blade (r=0.98**), indicating that the 
concentration of Mn in the youngest leaf blade reflects the Mn status of the crop. 
Critical deficiency level ofiMn 
The DTPA-extractable soil Mn was significantly correlated with the Mn 
concentration in the youngest leaf blade (r=0.72**) and the Mn uptake 
(r=0.98**), indicating that the DTPA extractant was a good indicator of soil Mn 
status. The method described by Gate and Nelson (1965) was used to detennine 
the critical deficiency level of soil Mn. The method consists of plotting the dry 
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Fig. 1. Scatter diagram of dry matter yield (% of the maximum) versus DTPA-extractable soil Mn 
matter yield, expressed as a percentage of the maximum yield, against soil Mn. A 
cross is placed over the data and moved until the upper left and lower right 
quadrants have a minimum number of points (Fig. 1). The critical value is read 
from the X-axis where the cross intercepts it. This value can also be calculated 
using the statistical method of Cate and Nelson (1971). Both these approaches 
gave the same critical value of 2.4 mg Mn kg 1 in the soil and 41 pg g ' dry 
matter in the youngest leaf blade of cowpea. A perusal of the data in Table 1 also 
reveals much lower yields in pots where the Mn concentration in the youngest 
leaf blade was below 41 pg g 1 compared to those where it was above this value. 
The critical deficiency level of Mn has been reported to differ markedly for 
different crops in the same soil. Critical deficiency levels of 2.05 and 3.3 mg Mn 
kg 1 soil, extractable by DTPA, have been reported for barley and soybean 
respectively in loamy sand (Bansal et al., 1987; Bansal and Nayyar. 1990). 
In a solution culture experiment, Kang and Fox ( 1980) reported a critical 
level of 280 pg g 1 in the whole shoot of 25-day-old cowpea plants, when the 
yield decreased to 50 % of the maximum yield. Horst (1983) observed a critical 
toxic level of over 2000 pg g ' in the youngest leaf blade of 45-day-old cowpea 
plants grown in a sand culture. In the present study the concentration of Mn in 
45-day-old cowpea ranged from 23 to 281 pg g 1 in the whole shoot and 21 to 
235 pg g 1 in the youngest leaf blade, which is far below the toxic level reported 
above. Thus, the present study suggests that cowpea plants having a Mn 
concentration below the critical level of 41 pg g ' in the youngest leaf blade at 
45 days of growth, and soils with DTPA-extractable Mn below 2 .4 mg kg 1 may 
be rated as deficient and require Mn fertilization to yield at the desired level. 
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WHAT IS THE VALUE OF CANARY GRASS 
(РИА LA RIS CA NA RIENSIS L. )? 
L. NAGY 
IRRIGATION RESEARCH INSTITUTE SZARVAS, HUNGARY 
(Received: 5 August, 1994; accepted: 6 March 1995) 
Canary grass onginated from the Mediterranean Its gene centre is thought to be in the 
Canary Islands Its extensive production began in Spain, Italy, Morocco and Germany. 
Today it can be found almost all over the world. 
Canary grass has many commonly used synonymous names in Hungary, where it is 
regarded as an export-oriented alternative plant species. Its economic importance is based 
on its extremely valuable chemical composition. In spite of this its utilization is surprisingly 
limited Its seed is used as a bird food and to a minor extent in human nutrition. The whole 
plant is grown with legumes as animal fodder. 
Key words: canary grass, protein content, feeding, bird-seed, baking utilization, 
supporting plant 
Introduction 
Canary grass is considered today as a cultivated plant of minor 
importance. From time to time it comes into the limelight, indicating that interest 
in it has increased. In such cases the interest is rather one-sided, since only the 
seed is sought for, and even that only for a definite purpose - as bird-seed. At the 
same time the alternative possibilities of its utilization have long smce been 
forgotten. The structural change in agriculture has created a good opportunity for 
re-evaluating the role of crops of major and minor importance. In the opinion of 
the author, canary grass is a crop that deserves greater attention. 
Taxonomic place, biology 
On the basis of works by Rodiczky (1882), Körnicke (1885), Hegi (1932), 
Jávorka (1962), Jürgens (1973), Soó (1973) and Hagneuer (1992), Phalaris 
canadensis L. (canary grass, canary seed, lady's garters) has the following 
taxonomic place: 
Family: Gramineae - Grasses 
Genus: Phalaris L. 
Species: Ph. angusta Nees. 
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l'h. brachytachis Link. syn. Ph. quadrivahs Lang. 
Ph. canariens is L. 
Ph. carolinaria Walt. 
Ph. coerulescens Defg syn. Ph. bulbosa Cavan. 
Ph. minor Retz. 
Ph. paradoxa L. 
Ph. truncata Guss. 
Ph. tuberosa L. syn. aquatica Koch. 
Ph. zizanoides L. 
Forms: 
Ph. canariensis L . f . subcilindrica Thell. syn. 
Ph. canariensis f . subcilindrica W. Weber et Thellg. 
Ph. canariensis f . viviparia Junge. 
Related species belonging to the genus Phalaris have the common 
characteristic that the inflorescence of the fully developed mature plants and the 
inner glume have a shiny whitish colour usually found even on the threshed seeds 
of canary grass. 
The species listed above include both perennial and annual types; 
moreover, varieties reproducing by apomixis are also known. The fact that the 
number of Ph. canariensis variations is fairly small, which contradicts the 
officially accepted view that the plant is exclusively xenogamous, cannot be 
ignored, especially from a breeding point of view. The contradiction indicated 
above is further complicated by the results of several years of comprehensive 
flowering biology examinations carried out by Kömicke (1885), suggesting that 
open flowering is characteristic of the plant. The relative positions of the stamina 
and pistils and the proterogynic character of the flowers exclude autogamy. Self-
pollination only occurs if the glumes do not open and the filaments remain within 
them. The cultivars (e.g. Lizzard, Kyri, Kisvárdai 41) are almost 
indistinguishable as regards their major characteristics, which is unfavourable for 
cultivar breeding and also leads to corrupt practices in the seed trade. To solve 
the problem Medvedev (1974) suggests interspecific crossing, while Kürti (1984) 
considers the artificial induction of mutations expedient. Apart from these two 
authors, Schieblich (1956) also went deeply into the question of Ph. canariensis 
L. breeding. 
Besides higher phenotypic variability, an increased capacity for tillering 
and for fodder and grain production may be regarded as priority objectives, as 
well as rapid, even maturing at the plant stand level. Medvedev (1974) suggested 
making canary grass perennial, which could be achieved by crossing it sexually 
or asexually. The achievement of this aim could have a favourable effect on the 
agronomic value of Phalaris canariensis L. 
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Experiments of a biotechnical character were carried out on Ph. 
canariensis L. plants by Gimenez-Martin et al. (1965). 
Origin, distribution 
One place where canary grass frequently occurs is the Iberian peninsula, 
e.g. the Catalan plateau. In various regions of Italy, including Sicily, it is known 
both as a weed (particularly in wheat) and as a crop, the latter in Conegliano 
(Treviso county). 
It is generally thought that canary grass has spread to the Mediterranean 
countries from the Canary Islands. (Its Canary Island origin is also suggested by 
its Italian and Russian names.) 
The existence of a Mediterranean gene centre has been confirmed by many 
authors (Körnicke, 1885; Hegi, 1932; Soó, 1973; Medvedev, 1974). 
It is thus likely that canary grass was carried from this zone to numerous 
countries of Europe - France, Holland, Germany, Switzerland, England - and to 
the other continents. 
In Hungary it was grown under experimental conditions as early as the late 
nineteenth century (Rodiczky, 1882). Some writers are of the opinion that it was 
introduced into cultivation in Hungary in the mid-nineteen thirties by Surányi, 
but according to Surányi (1934) himself canary grass was already sporadically 
grown in Hungary at that time from seed imported from France. Soó (1973) 
mentions several towns, in the vicinity of which canary grass could be found 
growing wild. These are: Kőszeg, Szombathely, Győr and Sopron in the west; 
Budapest, Salgótarján and Miskolc in the north; Debrecen in the east; and Pécs in 
the south. It can thus be concluded that, since canary grass is not native to 
Hungary, the wild specimens survived through dispersion after cultivation in the 
neighbourhood of these towns. Its permanent occurrence in the central and south-
eastern parts of the region east of the Tisza (e.g. in the vicinity of Karcag) was 
prevented by the regular deficiency in precipitation, while in the region between 
the Danube and the Tisza it was hardly cultivated at all, owing to edaphic factors. 
To the east of Hungary, in the area formerly making up the Soviet Union, 
canary grass is also known in many places either as a wild or cultivated plant. 
Bolotov (1960) and Medvedev (1974) mentioned that in the central part of the 
Volga region it was widely produced and even exported. In the Crimea, the 
Northern Caucasus, the Ukraine, Western Siberia, and even towards the north, in 
the vicinity of St. Petersbourg, it grew wild. 
Its first occurrence overseas appears to have been in North America (Pallas 
Nagylexikon, 1895). 
In Canada canary grass is cultivated mainly in Saskatchewan (Wright and 
Doane, 1989). In the United States it occupies the largest areas in Minnesota. 
North Dakota and Manitoba, according to Robinson (1978). In South America 
Argentina is an important canary grass-producing country (Robinson, 1978). 
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Among the third-world countries canary grass is continuously cultivated in 
Morocco (FAO 1989). According to a 1920s publication (Becker in Surányi 
1934) canary grass was introduced to Germany from India. Hill (1936) reported 
that a considerable volume of canary grass was produced in the southern part of 
Australia as bird-seed. 
Economic importance 
Taking with various aspects into consideration, the economic importance 
of canary grass can be summarised under the following headings: 
- chemical composition, nutritional and feeding value 
- agricultural use 
- industrial use 
- special uses. 
An aspect of canary grass which has been given little attention but which is 
particularly important is the quality of its chemical composition, as proved 
indirectly by the fact that finches kept in captivity can survive for a long time on 
feed containing 55-75% canary grass seed. 
Direct proof is offered by the data in (Table 1 ), among which the protein 
content of the whole grain deserves the greatest attention. Nor should the 
information provided by Robinson (1978) be ignored. In professional circles it is 
well known that the protein conversion factor for various crops ranges between 
5.18 and 6.38 (FAO Nutritional Studies 1970). According to Robinson this value 
is 6.71 for the seed of canary grass, much higher than that usual for cereals 
(around 5.70). Robinson also pointed out that the nitrogen content of the grain 
was similarly outstanding. This result is in almost total agreement with the data 
obtained by Doreen et al. (1960) for millets. 
As regards the amino acid complement of canary grass, the glutamine, 
arginine, cystine and histidine contents are worthy of special mention, while from 
Table I 
Composition of the grain of canary grass 
Author Drv Crude Crude Crude 
matter % protein % fat % fibre % 
Kosutánv in 
Rodiczky, 1882 86.8 22.1 5.8 9.5 
Doreen et al. 1960 - 18.1 - -
Becker. Nchring 78.1 13.8 5.4 8.2 
1965 83.0 15.3 5.5 9.5 
Medvedev, 1974 - 16.0-17.0 - -
Robinson, 1978 
-
14.6-22.0 5.7-6.3 1.8 
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Table 2 
Amino acid contcnt in grains of v arious plants, % 
Spccics Canary White Yellow Canary Wheat Oat Maize 
grass millet millet grass 
Author Dorecn et al. Robinson FAO Nutritional 
1960 1978 Studies 1970 
Glutamic acid 3.61 2.05 2.47 5.94 3.90 2.82 1.80 
Leucinc 0.94 1.12 1.59 1.55 087 1.01 1.19 
Argininc 0.73 0.33 0.30 1.26 0.60 0.87 0.40 
Proline 0.88 0.60 1.02 1.22 1.23 0.72 0.85 
Phenylalanine 0.78 0.56 0.70 1.18 0.60 0.70 0.46 
Asparagine 0.66 0.56 0.87 1.01 0.64 1.08 0.60 
Valine 0.48 0.48 0.63 0.91 0.58 0.71 0.46 
Isoleucine 0.57 0.41 0.49 0.82 0.43 0.53 0.35 
Alanine 0.52 1.09 1.17 0.80 0.47 0.63 0.72 
Serine 0.55 0.60 0.57 0.77 0.60 0.66 0.47 
Tryptophane 0.28 0.13 0.23 0.64 - - 0.07 
Tyrosine 0.33 0.42 0.39 0.54 0.39 0.46 0.36 
Glycine 0.61 0.24 0.31 0.53 0.51 0.66 0.35 
Threonine 0.32 0.26 0.41 0.47 0.38 0.46 0.34 
Cystine 0.45 0.33 0.38 0.45 0.33 0.37 0.15 
Histidine 0.30 0.22 0.21 0.43 0.29 0.29 0.26 
Lysine 0.28 0.17 0.16 0.42 0.37 0.52 0.25 
Methionine 0.18 0.28 0.29 0.29 0.20 0.23 0.18 
the point of view of essential amino acids, canary seed can be considered 
favourable with respect to phenylalanine, isoleucine, tryptophane and lysine 
(Table 2). 
When comparing canary grass with wheat, maize, barley and millet the 
starch content in the grain of canary grass was found to be the lowest (Malestein 
et al., 1988); among the simpler carbohydrates the same can be said of glucose, 
fructose and maltose (the fructose content was the same as in millets). 
Information on the fat content was published by Hagneuer (1992), who 
found that canary grass oil was rich in linoleic acid, similarly to that of millet, 
maize and the economically unimportant Tripsacum species. 
The mineral content of the grain was examined by Rodiczky (1882) and 
Robinson (1978). 
According to Rodiczky (1882) the total quantity of minerals extracted with 
the grain crop was 48.5 kg/t, including 29.96% P 2 0 and 11.46% K20. 
The results of examinations carried out by Robinson (1978) concerning 
the occurrence of various elements are shown in Table 3. 
Of all the elements, Fe, Zn and Mn were found to occur in the largest 
proportion in the grain. 
According to Rogozinsky and Glowczynski (1935) canary grass is 
deficient in Ca and NaCl. 
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Table 3 
Macro- and microclcment contents in various plant parts 
of canary grass (after Robinson, 1978) 
Element Plant part 
Flower Grain Stalk+leaf Root 
0/ /0 
N 2.96 3.49 0.70 0.81 
P 0.58 0.64 0 13 0.15 
К 0.41 0.40 0.41 0.40 
S 0.24 0.28 0.28 0.17 
Ca 0.04 0.03 0.27 0.30 
Mg 0.17 0.20 0.13 0.11 
Na 0.02 0.02 0.40 0.12 
mg/g 
Fe 67 70 144 2000 
Mn 46 40 27 101 
Zn 50 50 17 29 
Cu 12 1 10 5 
В 
2 1 12 13 
Mo 4 5 6 45 
Sr 2 
-
13 17 
The vitamin content of canary grass was analysed by Bishop and Taylor 
(1963), parallel to those of two well-known bird-seeds, white and yellow millet. 
According to the results of the analyses canary grass is better supplied with 
vitamins B3, B4, H and M than the two millet species; its vitamin B5 and B5 
contents are similar to those of white millet, but like the other cereals it is 
deficient in vitamin B2. 
Glowczynski (1938) found canary grass to have a substantial vitamin A 
content; it is therefore recommended for use in chicken feed at a ratio of 30 
60%'. Besides poultry, this author also fed white mice and sheep on canary grass 
seed. 
Besides the known antioxidants (catalase, superoxide-dismutase, phenols, 
Carotinoids, vitamin C, phospholipids) coffeic acid esters, sterols and triterpene 
were also found in canary grass seed (Larson, 1987). 
Canary grass hay was analysed for chemical components by Stollár (in 
Rodiczky, 1882). In hay with about 85.15% dry matter content he found 17.59% 
protein, 2.05% fat, 18.70% N-free matter and 40.16% crude fibre on a dry 
matter basis. 
When examining the whole plant for dry matter and protein content 
Schieblich (1956) found these to be essentially phenophase-dependent (Table 4). 
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Table 4 
Dry matter and protein contents of canary grass seed 
when cut in different phcnophascs (after Schicblich. 1956) 
Phenophasc Dry matter Crude protein 
content (%) (%)* 
Shooting 16.03 20.47 
Beginning of flowering 1940 17.82 
Beginning of grain filling 25 60 11.44 
Grain ripening 
-
769 
* as a percentage of dry matter 
The tabulated results are partly supported by the data of Bolotov (1960) 
who found 19.41% crude protein in canary grass before the appearance of the 
spike and 11.30% at the time of flowering, on a dry matter basis. 
Data on the mineral content of canary grass plants were supplied by 
Rodiczky (1882), who found a total of 74.7 kg minerals in 1 t hay, of which 
34.25% is P 2 0 and 3.51% K20. 
The element composition of different plant parts is shown by the data in 
Table 3 (Robinson, 1978). 
The carotene content of canary grass was also examined by Bolotov 
(1960) who found that the green fodder contained 30.06 mg/kg. 
Owing to its low starch content canary grass is not used nowadays in 
starch manufacturing technologies. The same can be said of the flour mixtures 
used in the course of bread and pasta making. A thorough literary investigation 
into this subject has shown that the flours mentioned besides wheat flour (those 
of rye, triticale, oats, maize, sorghum, soya, cassava, potato, etc.) do not include 
canary grass flour (Dendy et al., 1972). At the same time all the authors 
mentioned reported the folk custom wide-spread in Spain, Italy and Morocco of 
including canary grass flour when making bread and pasta. Since the chemical 
composition of the grain is anything but unfavourable, canary grass seems to be 
suitable for improving the quality of bread and pasta products. However, the way 
in which it should be used needs further investigation, owing to the very 
moderate flour output of somewhat above 40% (in the author's own experience). 
It would also seem to be expedient - if only for the above reason - to survey, 
modify and develop possibilities of updating cultural practices in order to 
increase productivity. 
With regard to its agricultural usefulness it should be noted that the yield 
data of canary grass are much better known than its chemical composition and in 
most cases these reflect only moderate productivity. This is mainly due to the 
fact that much smaller quantities of seed are often used instead of the necessary 
55-60 kg/ha (80-85 seed/m). In many places row distances twice those used for 
cereals or even wider have been tried, because of the difficulty of weed control, 
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particularly as regards monocotyledonous weeds. Widely spaced rows facilitate 
mechanical weed control, but if neglected they may become overrun by weeds. 
In addition, they result in an uneven stand, which in itself has a yield-decreasing 
effect, not to mention the damage caused by the increased lodging occurring after 
the maturing of the thin-stalked plants. A 300-400 kg/ha grain crop is thus not 
surprising (Bolotov, 1960). A grain yield of 1.0-1.5 t/ha is considered normal 
(Rodiczky, 1882; Lees, 1983). A grain yield of 2.7 t/ha is outstandingly good 
(Becker in Surányi, 1934), since Lees (1983) did not reckon with a grain yield 
higher than 1.5 t/ha even when sowing a double quantity of seed. 
The low yield averages can be traced back partly to poor initial 
development and tillering, and partly to yield losses due to uneven maturing. The 
agronomically possible yield potential is thus not in line with the biological 
productivity. The gap between these two values can best be bridged by breeding. 
Another way of increasing yield averages is to optimize the nutrient 
supply. The quantity of macro- and microelements extracted with the yield is not 
substantial even when the glume, flower, stalk and leaf parts are taken into 
consideration, which make up about four times the volume of the grain crop 
(Rodiczky, 1882; Surányi, 1934). 
The 45 kg/ha each of N, P9O5 and K20 recommended by Medvedev 
(1974) is just a guideline and is not in close correlation with the chemical data 
composition contained in Table 4. There is thus a great need for the elaboration 
of methods for efficiently increasing the yield by means of the nutrient supply. 
The economic importance and prospects of canary grass cultivation are 
favourably infuenced by the fact that weed control is no longer a problem, as 
confirmed by the data of Hungarian and foreign publications (Radvány et al., 
1984; Kovács and Koós, 1986; Halt and Hunter, 1987; Molnár and Német. 
1989; Német, 1989). The best weed-killing effect can be achieved with post-
emergent treatments. Of the herbicide active agents which have proved effective 
against dicotyledonous weeds, 2,4 D, MCPB. chlorosulphoron. bromoxinyl and 
dicamba can be mentioned. Against monocotyledonous weeds, especially 
Echinochloa crus-galli, metobromuron and pendimetalin have been successfully 
used (herbicides known to be effective against wild oats contain difenzoquat and 
flamprop as active agents). 
However, when using seed from abroad (e.g. Morocco) the appearance of 
weed species resistant to herbicides must be expected. The most dangerous of 
these is Centaurea cliluta, which according to Németh (1991) is resistant to 
treatments with Glean 75 DF, Dikotex M 40 and Banvel M. 
In Hungary canary grass is hardly ever used as green fodder at present, 
though there are data from the end of the last century indicating its use as such. 
Rodiczky ( 1882) described an experiment carried out at Mosonmagyaróvár in 
1873, where canary grass gave a hay yield of 5.90 t/ha in a pure stand and 5.45 
t/ha when combined with vetch. 
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Numerous data on fodder production were also published by Schieblich 
(1956), Ebert (1959), Bolotov ( 1960) and Medvedev (1974). 
The above publications make it clear that the volume of biomass and the 
quantities of dry matter and crude protein depend on the type of soil, the rime 
and method of planting and the harvesting date. 
The correlation between soil type, method of planting and fodder 
production was first recorded by Ebert (1959), who found that on less heavy 
soils better results were obtained with mixtures of two or three crops than with a 
pure stand of canary grass. In heavy soils, on the other hand, he obtained larger 
fodder yields when sowing canary grass by itself. 
When canary grass is planted for feeding purposes the vegetation period 
may begin either in spring or in summer. With respect to spring sowing 
Schieblich (1956) is of the opinion that it can take place later than in the case of 
grain production. This opinion was confirmed by Ebert (1956) who found a yield 
difference of 26.3% in favour of the later sowing over the average of three years. 
(The actual differences compared to early sowing ranged between +59.0% and 
-31.0%). The use of mixed stands was also more favourable in later sowings. 
Companion crops can be recommended primarily with a view to a more 
favourable chemical composition (higher crude protein content) (Schieblich, 
1956; Ebert, 1959), as also shown by the data in Table 5. 
Suggestions as to the species suitable for use as companion crops are 
found in works by Rodiczky (1882) and Medvedev (1974). 
Referring to an unnamed French source the Hungarian author 
recommended the following mixture but without mentioning the proportions of 
each component: 
- buckwheat (Fagopyroum esculentum), fodder peas (Pisum sativum), 
canary grass, Italian millet (Setaria italica). 
Medvedev (1974) suggested sowing spring wheat (Triticum aestivum L.), 
spring barley (Hordeum vulgare L.) or sunflower (Helianthus annuus L.) with 
canary grass. 
Schieblich (1956) advised supplying 40-60 kg/ha N, 35M5 kg/ha P205 
and 60-80 kg/ha K 2 0 to canary grass grown for fodder production. 
Table 5 
Fodder, dry matter and protein production in pure and combined stands 
of canary grass (after Ebert, 1959) 
Canary Canary g.+ Canary g.+ Canary g.+ 
grass spring pea spring vetch spnng pea+ 
spring vetch 
Biomass t/ha 21.8 25.1 23.6 24.3 
Drv matter t/ha 3.8 4.0 3.8 3.7 
Crude protein % 11.0 15.2 14.9 16.3 
Crude protein ^ a 0.4 0.6 0.6 0.6 
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Schieblich (1956) considered canary grass suitable as a supporting plant 
especially when growing spring vetch for seed, as this crop develops relatively 
little vegetative mass. For the same reason it is a useful companion crop to lentil. 
One thing is sure: cleansing difficulties will not arise, as in the case of oats. 
Moreover, the yields of both crops will probably increase. Considering the high 
domestic and foreign demand for these two legumes, the initiation of 
experiments in this field would be justified. 
One positive aspect of canary grass is the limited number of pathogens and 
pests which attack it. The major pathogens of canary grass belong to the 
Septona, Helminthosporium and IJstilago species, but even these seldom cause 
significant losses. Of its animal pests, Medvedev (1974), Kürti (1984) and 
Berkenkamp et al. (1984) mention the larvae of the Elateridae species, Lema 
melanopus, Aphis fahae and Loxostege sticticalis, which is also polyphagous. 
When discussing its economic importance, the problems caused by canary 
grass as a weed cannot be ignored. Körnicke (1885) gave an account of its mass 
occurrence on the Catalan highland, where it caused farmers a great deai of 
trouble. (This may well explain the original meaning of the Greek name of the 
genus, merciless, cruel). 
Many publications mention the industrial use of canary grass (the most 
important of these are: König, 1847; Rodiczky, 1883; Körnicke, 1885; 
Schindler, 1923; Hegi, 1932; Siegfried et al., 1973; Medvedev, 1974). 
The grain was used in starch production, and in the textile industry as a 
component of the solution used in the calendering process. Nowadays these uses 
are practically unknown, partly because of the low starch output, and partly 
owing to changes in the materials utilised in textile industry technologies. 
Prospects of increasing cultivation in H un gar y 
In Hungary canary grass has only been known for about 125 years, and is 
grown with varying intensity, mainly as a grain crop. The majority of the yield is 
exported, mainly to West European countries, e.g. Belgium, England (Raisz et 
al., 1993), though the destination has changed in recent years. 
The possibility of growing it as green fodder, for hay or as a supporting 
plant is practically unknown in Hungary. 
Among the agrotechnical elements of grain production, the variety and the 
weed control are of a satisfactory standard. The questions of fertilization, seed 
norm and the acceleration of ripening have been neglected up till now, though 
developments in this field will be required, if yield averages are to be increased. 
The fertilization data presented in the paper should definitely be checked under 
experimental conditions. 
The use of canary grass for human nutrition is again unknown in Hungary, 
though research into this subject would be justified, for various reasons, as in the 
case of possibilities for utilization in the fields of feeding and seed production. 
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In addition to the principal end-use it may offer a possibility for the 
domestic utilization of unsold lots intended for export. Furthermore, it may 
stimulate the wider cultivation of this easily grown crop, possibly in such a way 
that the fanner retains the yield and feeds part of it to his animals. Canary grass is 
readily consumed by poultry too, so it would be worth considering its use in this 
field. As in the case of human consumption, its nutrition physiological value 
must be examined, since no feeding experiments have been carried out so far. 
Among the literary data there are references to its cultivation as an 
intercrop in barley or wheat stands, probably on considerations similar to the 
above. 
Summary 
Canary grass (Phalaris canadensis L.) has only been cultivated for a 
relatively short time, since the earliest authentic records of its cultivation date 
from the 16th century . 
Fortunately this plant species, whose gene centre is in the Mediterranean, 
does not cause weed control problems in Hungary, unlike various millets. 
Canary grass is generally known as a bird-seed. On the basis of its quality 
traits it would be worth using it also as poultry feed, as fresh fodder or hay for 
dairy animals, or as flour or husked grain for human nutrition. 
Its suitability as a companion crop for spring vetch suggests that it could 
be used as a supporting plant in the seed production of similar species. This will 
naturally require allelopathic examinations. 
If the various ways in which canary grass can be used were more widely 
known, it could serve to expand the choice of easily cultivated spring cereals 
requiring little attention. 
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BRUCE ALBERTS, DENNIS BRAY. JULIAN LEWIS. 
MARTIN RAFF, KEITH ROBERTS, JAMES D. 
WATSON: Molecular Biology of the Cell. Third 
Edition. Garland Publishing Inc., 1994 
1294 pp. 
ISBN 0 8153 1619 4. 
This book reviews the current knowledge 
about the molecular biology of the cell 
Although the 24 chapters of this book can be 
read independently of one another, they are 
arranged in a logical sequence of four parts. 
Part 1 covers elementary principles and 
basic biochemistry They can serve either as an 
introduction for those who have not studied 
biochemistry or as a refresher course for those 
who have. Chapter 4 deals with the principles of 
the main experimental methods for 
investigating cells. 
Parts II and 111 represent the central core 
of cell biology and are concerned mainly with 
those properties that arc common to most 
eucarvotic cells. Part II deals with the 
expression and transmission of genetic 
information, while Part III discusses the internal 
orgamzation of the cell. 
Part IV follows the behaviour of cells in 
multicellular organisms, starting with cell-cell 
junctions and extracellular matrix and ending 
w ith the disruption of multicellular organization 
that occurs in cancer 
There are several beautiful or even artistic 
figures making the content more easily 
understandable. 
There is a list of references at the end of 
each chapter. These references frequently 
include the original papers in which important 
discoveries were first reported. 
At the end of the book there is a glossary 
covering technical terms of cell biology as a 
first resort for a reader who encounters an 
unfamiliar term used without explanation 
As is obvious from the length of the book, 
its contents exceed the material that can be 
covered in entirety within one or even two 
semesters This however is not a disadvantage, 
because the creative instructor has plenty of 
opportunity to select The interested students 
benefit too because they have an opportunity 
to expand their reading bevond the strict 
requisites of the course. 
Another great advantage of the book is 
that it is up-to-date and synthesizes current 
concepts and points also towards future 
research trends. 
Researchers and upper level students will 
find this book a valuable guide. 
BORBÁLA HOFFMANN 
PETER J. RUSSEL: Genetics. Fourth Edition. 
Harper Collins College Publishers. 1996. 784 pp 
ISBN 0 673 52359 4 
Genetics has long been one of the core 
areas in biology. Our knowledge and 
understanding about genetics progressed at an 
incredible rate. The many applications of this 
exciting flood of discoveries continue to affect 
our daily lives and bring benefit to humanity. 
As with the previous popular textbooks. 
Russell's fourth edition of GENETICS has been 
crafted carefully to present comprehensive 
coverage of the field of genetics in an accessible 
manner The author emphasizes an experimental, 
inquiry-based approach with solid treatment of 
many of the research experiments that have 
contributed to our knowledge of the subject 
Learning about the formulation and study 
of scientific problems is of value not only in 
genetics, but in all other fields of science. 
The three major areas of genetics -
classical genetics, molecular genetics, and 
population and quantitative gcnctics - arc 
covered in 22 chapters. 
This edition of GENETICS retains the 
overall approach and logical progression of ideas, 
that have made previous editions valued learning 
tools, while every chapter, especially the 
molecular aspects of genetics - including the 
coverage of recombinant DNA technology - are 
updated. 
A number of special pedagogical features 
arc incorporated to assist students and to enhance 
their understanding: 
Each chapter opens with a section called 
"Principal Points". 
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Throughout cach chapter, strategically 
placed "Keynote" summaries emphasise ideas and 
critical points 
Important terms and concepts are clearly 
defined where they are introduced in the text. For 
easy reference, they arc also compiled in a 
Glossary at the back of the book. 
All chapters conclude with an "Analytical 
Approaches for Solving Genetics Problems" 
section, in which typical genetic problems are 
talked through in step-by-step detail to help 
students understand how to tackle a genetics 
problem by applying fundamental principles. The 
answers to all questions arc available m a 
separate supplement, the "Study Guide and 
Solutions Manual" 
Comprehensive and up-to-date suggested 
readings for each chapter are listed at the back of 
the book as well. 
Russell's GENETICS is an excellent 
textbook for students mterested in genetics 
BORBAI.A HOFFMANN 
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EVALUATION OF FOUR SCREENING TECHNIQUES 
FOR DROUGHT TOLERANCE 
IN WHEAT (TRITICUMAESTIVUM L.) 
M. Y. ASHRAF, M. H. NAQV1 and A. H. KHAN* 
NUCLEAR INSTITUTE FOR AGRICULTURE AND BIOLOGY, 
P.O. BOX NO. 128, FAISAL AB AD, PAKISTAN 
•ATOMIC ENERGY AGRICULTURAL RESEARCH CENTRE:, 
TANDO JAM (SINDin, 70060 PAKISTAN 
(Received: 21 November, 1995, accepted: 5 March, 1996) 
Four screening techniques for characterising drought tolerance were ev aluated using 8 
wheat (Triiicum aesrivum L.) genotypes These techniques arc (1) seed germination at - 0 . 6 
MPa external water potential (PEG-6000). (2) seedling growth after 14 days at -0 .6 MPa 
(PEG-6000). (3) cell membrane stability (CMS) of leafdiscs taken from 8-week-old plants, 
and (4) plant water relations of seven-week-old pot-grown plants. The genotvpic variability 
associated w ith drought tolerance was demonstrated by these techniques. Highly significant 
correlations were found in all the genotypes between the seedling. CMS and water relation 
tests, indicating that these techniques identify the same genotypes for their drought tolerance 
characters with few exceptions 
Among the four techniques evaluated in these studies the seedling test and CMS test 
seem to be the most reliable and potentially useful for early screening. 
Key words: germination, seedling test, water relations, cell membrane stability, 
drought tolerance 
Introduction 
It has been claimed that breeding for drought tolerance can best be 
accomplished by selecting for grain yield under field conditions (Richards and 
Thurling, 1979; Sammons et al., 1978), but such procedures require full season 
field data. It is not always an efficient approach, especially in mesic locations 
(Sammons el al., 1978). An alternative may be to screen material under 
laboratory or greenhouse conditions using seedlings as test material. Evidence 
has been presented that alfalfa (Medicago saliva L.) accessions that emerge at 
-0.65 MPa and soybean at -0.60 MPa external osmotic pressure show better 
field emergence and survival under drought than those accessions that do not 
emerge under laboratory conditions (Rumbaugh and Johnson, 1981). Several 
physiological characteristics have been reported as being reliable indicators for 
the selection of gennplasm possessing drought tolerance. These characteristics 
include seed germination and seedling growth in nutrient solutions with low 
osmotic potential (Ashrafet al., 1992; Blum and Ebercon, 1981; Richards, 1978; 
Sammons, 1979; Sullivan, 1972; Williams et al., 1967), the degree of electrolyte 
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leakage (cell membrane stability, CMS) from drought-damaged leaf cells and the 
water relations of plants (Dedio, 1975; Ashraf et al., 1992; Khan et al., 1990). 
The success of these approaches requires evidence that the drought 
tolerance of cultivars tested under laboratory and greenhouse conditions also 
reflects this character under field conditions (Sammons et al., 1978). It has been 
found that significant correlations exist between field and laboratory data in com 
(Kilen and Andrew, 1969). 
The objectives of this study were: (1) to evaluate the genetic variability 
among 8 wheat cultivars subjected to water stress and (2) to determine whether 
the parameters mentioned above are effective criteria for screening drought-
tolerant genotypes. 
Materials and methods 
Germination 
Eight wheat genotypes were chosen for this study Thirty caryopses of each genotype were 
germinated in poly ethy lene gly col (PEG-6000) at -0 .6 MPa osmotic potential Aqueous solutions of 
0 and -0.6 MPa osmotic potential were obtained by dissolving 180 g of PEG in 1 I of nutrient 
solution (Ashraf ct al., 1994a). Seeds were placed on gauze in glass bowls (dia 14 cm « depth 8 cm) 
containing 70 ml of the test solution. Each experiment had three replications and the experiment was 
repeated three times. These bowls were placed in a controlled env ironment chamber at 30/25 °C 
(day/night) temperature. Darkness was maintained during the germination experiment. Germination 
was recorded when the radicle reached 5 mm in length Results were expressed in tenus of a 
promptness index (P.I.) (George. 1967): 
P.I. = nd>( 1.00) + nd4(0.75) + nd6(0.50) + nd8(0.25) 
where nd2. nd4. nd<, and nd8 = percentage of seeds observ ed to germinate on the 2nd. 4th. 6th 
and 8th day s of observation, respectively A germination stress tolerance index (GSI) was expressed 
as a percentage as follows: 
P I of stressed seeds 
GSI = — — — x 100 
P.I. of control seeds 
Seedling growth 
The cary opses of the genoty pes were sown under conditions similar to those used for the 
germination test. Two osmotic potential treatments (0 and -0.6 MPa) were given with three 
replications and repeated three times. The glass bowls were placcd in a controlled environment 
cabinet at 30/25 °C day /night temperature with a 10-hour photoperiod (4000 lux). The seedlings 
were harvested after 14 days and their shoot and root lengths were recorded The plants were then 
dried at 70 °C for 48 h in an oven. Stress tolerance indices, namely plant height stress tolerance 
index (PHSI), root length stress tolerance index (RLS1) and dry matter stress tolerance index 
(DMSI), were calculalcd as follows: 
Plant height of stressed plants 
PHSI = x 100 
Plant height of control plants 
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Root length of stressed plants 
RLSI = * 100 
Root length of control plants 
Dry matter of stressed plants 
DMSI = X 100 
Dry matter of control plants 
Cell membrane stability (CMS) 
This technique was developed and used by Sullivan (1972) to screen drought-resistant 
genoty pes of sorghum. Premachandra et al. (1989) used it for maize, in the present experiments, 
plants of different genoty pes were raised in two cemented tanks (3 x 3 m) filled with medium-
textured soil. After four weeks of growth, water w as withheld from one tank, w hereas the other was 
normally irrigated for another four weeks. Leaf samples were collected from plants grown under 
these two treatments. One g leaf discs cut from the flag leaf (0.5 cm each) were placed in a 50 ml 
test tube and w ashed three times w ith deionized water for desiccation treatment The leaf discs were 
submerged in 30 ml of 40% PEG-6000 solution (TO or in deionized water as a control (CO and 
both w ere left for 24 h at 10 °C. The leaf discs w ere then w ashed quickly with deionized w ater and 
allowed to remain m 30 ml deionized water for another 24 h at 10 °C. The electrical conductivity 
(EC) of the liquid was then measured. The leaf discs, still in the same solution, were then killed by 
autoclaving for 20 minutes and EC w as again determined at 25 °C (T2, CO). Cell membrane stability 
was calculated as follows: 
Percentage injury = [ 1 - ——IlZZil i
 x j oo 5 J
 ' ( I -C1/C2) 1 
Water relations 
For water relation measurements, the above genotypes were planted in plastic pots (20 cm-, 
dia * depth 30 cm) filled with sandy clay loam soil and replicated three times. After six weeks of 
growth, water was withheld for one week. The second fully expanded leaves were collected from 
each genotype in the morning and weighed immediately. They were then placed in a test tube 
containing 10 ml of distilled water and left overnight at room temperature The leaves were then 
taken out. water was removed from the surface and the leaves were weighed again to obtain 
saturated weight (turgid weight). After drying at 70 °C in an oven for 48 h, their dry weight was 
determined. The relative saturation deficit (RSD) was calculated as follows. 
Saturated weight - Fresh weight 
RSD = x 100 
Saturated weight 
The correlations were calculated between grain yield and yield per hectare for different 
genotypes grown in the field. 
Results 
The genotypes differed significantly as regards their germination stress 
tolerance index (Table 1 ). The highest germination stress tolerance index (GSI) 
was recorded in Sarsabz (92%), followed by LU-26S (90%), Barani-83 (90%), 
C-228 (85%), Chakwal-86 (85%), DS-4 (80%), DS-17 (74%) and Pavon (68%). 
The plant height stress tolerance index (PHS1) showed a different pattern than 
.4eta Agronomica Hungarica 44, 1996 
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Table I 
Germination, dry matter, plant height and root length stress tolcrancc indices of X wheat genotypes 
grown for 14 day s under 0 and - 0 . 0 6 MPa external water potential 
Genotype GSI Ranking DMSI Ranking PHSI Ranking RLSI Ranking 
DS-4 80 ab 6 87 a 1 88 a 2 93 a 1 
Chakwal-86 85 ab 4 80 a 2 91 a 1 88 ab j 
Barani-83 90 a 2 76 a 3 79 b 3 80 ab 3 
C-228 85 ab 4 65 b 4 71 b 4 80 ab 3 
Sarsabz 92 a 1 61 b 5 60 c 5 60 c 5 
LU-26S 90 a ~> 54 be 6 56 cd 6 66 c 6 
Pavon 68 c 8 48 be 7 50 cd 7 52 d 7 
DS-17 74 c 7 41 с 8 43 d 8 49 d 8 
Note: Values labelled with the same letters in the same column did not differ significantly 
at the P < 0.05 level. 
GS1 (Table 1). Chakwal-86 showed the highest PHS1 (91%) with a minimum for 
DS-17 (43%). The differences between DS-4 and Chakwal-86 were non-
significant. and the same was the case with Barani-83 and C-228 (Table 1 ). 
The highest root length stress tolerance index (RLSI) was observed in DS-
4 (93%) and the lowest in DS-17 (49%). The differences between Chakwal-86, 
Barani-83 and C-228 were non-significant; Sarsabz and LU-26S also had similar 
values (Table 1). A very similar trend was recorded for the dry matter stress 
tolerance index (DMSI) (Table 1). The differences between DS-4. Chakwal-86 
and Barani-83 were non-significant. 
The relative saturation deficit was highest in DS-17 (31%), followed by 
Pavon (30%), LU-26S (27%), Sarsabz (25%), Barani-83 (19%). DS-4 (14%), 
Chakwal-86 (13%) and C-228 (13%) (Table 2), but the differences between DS-
4, Chakwal-86 and C-228 were non-significant, as were those recorded for LU-
26S and Pavon. The water content was maximum in C-228 (84%). The 
genotypes DS-4, Chakwal-86 and Barani-83 did not differ significantly (Table 
2); the same was the case for LU-26S and Sarsabz. Pavon and DS-17 also had 
similar values for water content (Table 2). 
Table 2 
Relative saturation deficit and water contents of wheal leaves 
following a one-week drought stress 
Genotypes RSD % Ranking Water content % Ranking 
DS-4 14 d 3 82 a -> 
Chakwal-86 13d 1 81 a 3 
Barani-83 19 c 4 80 a 4 
C-228 13 d 1 84 a 1 
Sarsabz 25 b 5 76 b 5 
LU-26S 27 ab 6 72 b 6 
Pavon 30 ab 7 71 с 7 
DS-17 31 a 8 71 с 7 
Note: Values labelled with the same letters in the same column did 
not differ significantly at the P<0.05 level 
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Table 3 
Yield, stability ratio (drought/control • 100) and ccll membrane stability 
of 8 wheal genotypes 
Genotypes Yield (k g dia) Stability Ranking Cell memb- Ranking 
Control Drought ratio. % rane stability 
DS-4 6742 a 3745 a 56 2 40 c 1 
Chakwal-86 6586 b 3642 a 55 3 35 c 1 
Barani -8? 6072 с 2774 b 46 4 43 c 1 
C-2XX 4342 с 2477 c 57 1 34 c 1 
Sarsab/ 6890 a 192! d 2X 6 52 b 5 
LU-26S 6671 b 1X20 d 27 7 54 a 6 
Pavon 5642 d 1690 c 30 5 59 a 7 
DS-17 5745 d 1442 f 25 X 60 a 8 
Note Values labelled with (he same letters in the same column did not differ significantly 
at the P < 0.05 lev el 
The cell membrane stability (CMS) was measured as percentage injury. 
T he highest percentage injury was recorded in DS-17 (60%) and the lowest in C-
228 (34%) (Table 3). The differences between DS-4. Chakwal-86. Barani-83 and 
C-228 were non-significant; similarly, genotypes LU-26S, Pavon and DS-17 did 
not differ significantly. The correlations between yield and all other parameters 
showed negative values with percentage injury except RSD, i.e. the higher the 
percentage injury the lower the yield (kg/ha) (Table 4). The yield and yield 
stability ratio followed the same pattern ( fable 3) as was observed in the case of 
cell membrane stability, dry matter stress tolerance index, plant height stress 
tolerance index and root length stress tolerance index. 
Discussion 
These studies show genotypic differences in germination, seedling growth, 
cell membrane stability, relative saturation deficit and water contents. However, 
not all the parameters appeared to be equally useful for screening wheat 
genoty pes for then tolerance to stress. The germination criterion did not seem to 
reflect stress tolerance in wheat, hut rather to indicate seed quality differences, 
nor did this procedure relleet the yield stability of the genotypes. Similar findings 
were reported in soybean (Bouslama and Schapaugh. 1084) and wheat (Ashraf et 
al.. 1002). I hese authors state that tolerance to water stress cannot he predicted 
from germination under moisture stress. However, there are other reports 
(Richards. Ю78) indicating that germination could be useful in screening for 
drought tolerance 
Several factors inlliiencc seed quality, such as the age of llic seed, 
environmental conditions during growth and development, harvest and storage 
conditions, etc. The genotypes may respond differently to these factors, which 
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Table 4 
Correlations between different parameters 
GSI DMSI PHSI RLSI RSD WC OMS YC Yield 
GS I — 
DMSI 0.42 — 
PHSI 0.39 0.98** — 
RLSI 0.40 095** 0.97** — 
RSD -0.38 -0.88* -0.93* -0.95* — 
WC 0.41 0.85* 0.87* 0.89* -0.97** — 
CMS -0.42 -0.85* -0.91 * -0.93* 0.99** -0.97** — 
YS 0.17 0.84* 0.89 0.92* -0.97** 0.95* -0.96** — 
Yield" 0.23 0.96** 0 98 0.95* -0.89* 0 81* -0.85* 0 88* — 
*. ** Significant at P < 0.05 and P < 0.01. respectively 
GS1 = Germination stress tolerance index 
PHS1 = Plant height stress tolerance index 
DMSI = Dry matter stress tolerance index 
RLSI = Root length stress tolerance index 
CMS = Cell membrane stability (% injury by 40% PEG-6000 solution) 
RSD = Relative water deficit 
WC = Water contcnl 
YS = Yield stability ratio 
Yield = Yield under terminal drought 
could be reflected in their respective seed scores. Thus, the seed germination lest 
may be useful for identifying vigorous seed lots and genotypes capable of 
establishing adequate populations under low soil moisture conditions, but these 
genetic differences may be unrelated to subsequent seedling growth and seed 
yield. 
The genotypic differences revealed by cell membrane stability are in good 
correlation with yield and the yield stability ratio, so the genotypes can be 
screened on the basis of CMS. This is the most useful and efficient method for 
screening gennplasm for drought tolerance and many workers have used this for 
screening purposes (Premaehandra and Shimida. 1989; Sullivan. 1972). 
The reproducibility and consistency of the genotypic differences 
determined by the seedling growth procedure, plus the positive correlation 
between dry matter accumulation, plant height, root length and the yield stability 
data suggest that the seedling growth test could also be a reliable and efficient 
procedure for screening moisture stress tolerance in wheat gennplasm. This 
finding was in agreement with Blum et al. (1980) and Ashraf et al (1992). who 
concluded that solutions containing PEG can be used to screen for tolerance to 
water stress in wheat seedlings. 
The importance of water for the maintenance of turgidity required for 
plant growth and/or survival is widely recognized. Many workers (Levitt. 1972: 
Dedio, 1975; Ashraf et al., 1994b) have shown that drought-resistant genoty pes 
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have a smaller water deficit (relative saturation deficit) per unit decrease in leaf 
water potential than drought-susceptible plants. 
The work of Dedio (1975), Clarke and McCaig (1982), Schonfeld et al. 
(1988). Ashraf and Khan (1990) and Ashraf et al. (1994b) in evaluating the 
excised leaf water retention capabilities, RSD or relative water contents of wheat 
genotypes under stress environments indicated that genotypes with higher RWC 
or lower RSD are more drought-resistant. The present study confirmed the above 
findings. Carter and Patterson (1985) also obtained similar results with soybean. 
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INTERACTION OF NaCl SALINIZATION AND KN03 
FERTILIZATION ON PHYSIOLOGY OF BEAN PLANTS 
A. M. ISMAIL 
BOTANY DEPARTMENT, FACULTY OF SCIENCE, SOUTH OF VALLEY UNIV., QENA, EGYPT 
(Received: 12 October, 1995: accepted: 6 February, 1996) 
Increasing NaCl concentration in the rooting medium significantly reduced the growth, 
photosynthetic pigment biosynthesis, carbohydrate, nitrogen metabolism and the content of 
some nutritive minerals (K, Ca, Mg and P) in bean plants. The addition of KN0 3 as 
fertilising agent to the salinized media greatly ameliorated the adverse effect of NaCl 
salinity . This counteraction was associated with high contents of proteins and potassium in 
K-trcated plants, a response which may explain their role in osmotic adjustment. 
Key words: Phaseolus vulgaris, fertilization. KN03, growth, nitrogen metabolism, 
osmotic adjustment 
Introduction 
Potassium nutrition is particularly important to salt-stressed non-
halophytes since considerable evidence indicates that metabolic damage results 
from high cytoplasmic Na /K ratios (Wyn Jones et al., 1979; Winter and 
Preston, 1982) and high Na concentrations may interfere with К acquisition 
(Rains and Epstein, 1967; Orton, 1980; Lynch and Lauchli, 1984). Drew et al. 
(1988) reported that NaCl salinity in the soil decreased the rate of К transport to 
the shoots, which in tum suppressed the accumulation of potassium in the 
different parts of glycophytic plants (Jeschke. 1984; Gorham et al. 1988) and 
consequently inhibited plant growth (Drew et al. 1988; Shaddad, 1990). In this 
study, therefore, the effect of KN03 application as a fertilizing agent was 
observed during salt stress on growth parameters and some metabolic pools of 
bean plants. 
Materials and methods 
The French beans (Phaseolus vulgaris) used in the present work were grown in plastic pots 
containing 3 kg/pot air-dned soil (sand/clay 1/2 v/v). Perforated tubes (10.5 cm in diameter and 
15.7 cm long) were inserted into the soil to help in the distribution of the added solution Ten plants 
were allowed to grow in each pot. The salimzation levels chosen were 50, 100, 150 and 200 mM 
NaCl, in addition to the control (0.0 NaCl). For each salinization level, three pots were assigned at 
random. Salt was added to the soil in such a way that the soil solution acquired the assigned 
salinization level at field capacity. The treatment of the plants with saline solutions began when the 
seedlings were two weeks old. In order to adjust the osmotic potential of the soil solutions to as near 
as possible to the desired level, the plants were irrigated with the experimental solution every other 
day for three weeks and the soil moisture content was kept near field capacity. Thereafter, the 
0238-0161 /96/$ 5.00 © 1996 Akadémiai Kiadó, Budapest 
A M ISMAIL 
salini/cd and non-salini/cd plants were irrigated every other day with 1/10 Pfcffcr's nutrient solution 
for two weeks. The plants were allowed to adjust themselves to the abov e treatment for a period of 
one week before treatment with 200 ppm KNOi solution. Each pot was irrigated with 200 ml of 
KNOi solution on four occasions in the course of a week A week after the last KNOi application, 
plants were harvested for the estimation of the following parameters 
Transpiration rate was measured as described by Bo/cuk (1975) and calculated as g plant 1  
day '. The stomatal frequency on the upper and lower epidermis was determined using a square 
ocular micromctcr. For dry matter determination the fresh plants were dried in an aerated oven at 
70° С to constant weight. Leaf area was measured bv the disk method (Watson and Watson. 1953) 
and given as dm2 plant"1 
The photosy nthetic pigments (Chi.a, Chi b and carotcnoids) were determined using the 
spectrophotometry method recommended by Mcl/ncr et al ( 1965) 
For the determination of carbohydrates, the anthrone sulphuric acid method (Falcs. 1951) 
was used For nitrogen determination, the micro-Kjeldahl technique was employed. 
Free amino acids were determined according to the method of Moore and Stein ( 1948). Free 
proline was determined accordmg to the method of Bates et al (1973). Soluble protein was 
determined according to Lowry et al (1951 ). 
Sodium and potassium were determined by the flame photometer method (Williams and 
Twine. 1960), calcium and magnesium were determined by the versenc titration method 
(Schwar/cnbach and Biedermann. 1948) and phosphorus was determined colorimclricallv (Woods 
and Mellon. 1958). 
Results 
The data given in Table 1 indicate that transpiration rate, the stomatal 
frequency of either the lower or the upper epidermis, leaf area, diy matter yield 
and the contents of pigment fractions were generally attenuated with a rise in 
salinity levels, the greatest reduction being displayed at 150 and 200 mM NaCl. 
Table I 
Effect of NaCl salini/ation and KNOv fertilization on the transpiration rate [g cm da\ 11. stomatal 
frequency |number of stomata per mm2; L. E : lower epidermis; U. E upper epidermis), leaf area 
[dm2 plant '], dry matter [g plant '] and pigment content [mg g 1 dry mattcr| of bean plants 
KNO., NaCl Transpir- Stomatal frcq Leaf Dry Water Pigment content 
[gm '[ [mM] ation L. E. U. E. area matter content Chi a Chi b. Carol Total 
0 11.15 215 77 3.52 8.14 72.0 7.69 3.55 3.02 14.26 
50 10.25** 204** 70** 3.60** 7.70 71.7 7.37 7 •>">** 2.78* 13.37* 
0.0 100 9.75** 182** 61** 3.15** 5.75** 67.4** 7.11** 3.10** 1.90** 12.11** 
150 5.80** 116** 40** 2.17** 3.30** 63.7** 6.42** -i 7 7 * * 1.70** 10.85** 
200 5.12** 95** 3?** 1.85** 2.30** 55.8** 5.30** 7 7 J ** 1.55** 9.06** 
50 13.9** 7 7 7 * * 97** 5.68** 9.90** 74.5** 8.80** 4.58** 3.12** 16.50** 
200 100 12.5** 212 90** 5.07** 8.25 72.0 7.90 4.30** 3.04** 1 y 24** 
150 9.65** 144** 65** 4 12** 5.30** 68.0** 7.55 3.65** 2.65** 13.85** 
200 7.30** 127** 42** 2.88** 3 12** 65.0** 6.85** 3.45** 2.60** 12.60** 
LSD*,, 0.98 6.75 3.04 0.41 0.93 0.83 0.41 0.26 0.14 0.65 
LSD,s 1.34 9.25 4.16 0.56 1.27 1.14 0.56 0.35 0.19 0.90 
* =Significant differences ** = Highly significant differences from the control 
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Table 2 
Effect of NaCl salinization and KNO., fertilization on the carbohydrate content (mg g 1 dry matter) 
in the shoots and roots of bean plants 
KNO, NaCl Shoot Root 
[gm3] [mM] С a r b 0 h y d r a t e s 
Sol. lnsol. Total Sol. lnsol Total 
0 124.5 139.7 264.2 117.6 180.4 298.0 
50 121.3** 136.8** 258.1** 107.9** 173.5** 281.4** 
0.0 too 117.4** 133.2** 250.6** 101 8** 170.7** 272.5** 
150 112.7** 1.31.0** 243.7** 97.4** 160.3** 257.7** 
200 107.5** 127.7** 2.35.2** 93.3** 157.4** 250.7** 
50 128.3** 143.8** 272.1** 120.2** 187.5** 307.7** 
200 100 125.0 140.5 265.5 117 4 183.6** 301.0 
150 120.5** 138.2** 258.7** 113.9** 171.4** 285.3** 
200 117.8** 133.7** 251.5** 105.7** 166.5 ** 272.2** 
LSDs% 1.16 1.02 3.03 1.56 2.18 4.17 
LSD,.. 1.60 1.40 4.20 2.14 3.00 5.71 
* = Significant differences ** = Highly significant differences from the control 
The additon of K.NO3 as a fertilizing agent to salinized bean plants 
elevated all these characteristics, irrespective of the salinization level used 
(Table 1). 
It can be seen from the results in Tables 2 and 3 that the contents of 
soluble and insoluble fractions and consequently of total carbohydrates, total 
Table 3 
Effect of NaCl salinization and KNO, fertilization on the contents of total nitrogen, soluble protein, 
free amino acids and proline (mg g 1 dry matter) in the shoot and roots of bean plants 
KNO., NaCl Total N Sol. protein Free amino acids Proline 
(gm J) (mM) Shoot Root Shoot Root Shoot Root Shoot Root 
0 34.5 20.4 35.7 19.8 7.7.3 11.4 2.18 2.77 
50 34.8 19.6 29.8** 20.2* 9.20** 14.0** 2.28* 4.35** 
0.0 100 30.2** 17.8** 24.2** 17.2** 10.3** 17.5** 3.77** 5.20** 
150 25.7** 9.90** 19.7** 17.4** 10.7** 18.2** 5.20** 6.00** 
200 13.8** 9.77** 12.3** 11.7** 11.4** 18.7** 5.80** 6.73** 
50 37.2* 23.3** 40.5** 24.3** 8.17 11.2 2.05* 2.80 
200 100 35.5 22.5** 37.7* 20.8 7.80 11.7* 2.29* 2.93 
150 31.8* 13.8** 30.2** 20.2* 9.30** 13.7** 3.46** .3.25** 
200 204** 115** 22.6** 15.8** 10.5** 15.0** 4.20** 5.20** 
LSD5»„ 2.02 1.03 1.90 030 0.48 0.23 0.10 0.15 
LSD,% 2.77 1.41 2.60 0.41 0.66 0.32 0.14 0.21 
* = Significant differences ** = Highly significant differences from the control 
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nitrogen and soluble proteins were significantly decreased by a rise in the 
salinization level in comparison with those of the control plants (0.0 NaCl). 
Irrigation with KNO3 as a fertilising agent alleviated the inhibitory effect of NaCl 
salinity on carbohydrate production, total nitrogen and soluble proteins, whatever 
the salinization level used. The carbohydrate contents, total nitrogen and soluble 
protein of both the shoots and roots of bean plants remained higher than those of 
the control plants (0.0 NaCl) up to a level of 50 mM NaCl. Moreover, 
progressive increases in total free amino acids, including proline, were displayed 
in the main organs of bean plants with an increase in the NaCl concentration in 
the soil. Treatment with KNO3 retarded this process to around the level in the 
control (0.0 NaCl) up to a level of 50 mM. 
The sodium contents of the two main organs of salinized bean plants 
increased significantly with a rise in the salinization level (Table 4). It can be 
seen that the accumulation of Na was comparatively less in the shoots than in 
the roots. After the addition of the fertilizer agent to the soil, the accumulation of 
sodium in the different parts of the test plants was considerably retarded. 
The contents of K, Ca, Mg and P decreased significantly with an increase 
in the NaCl level, while irrigation with KNO3 considerably enhanced the 
accumulation of these nutritive elements in both the shoots and roots of bean 
plants (Table 4). They remained considerably higher than those of plants 
subjected to the corresponding salinization levels alone. 
Discussion 
Salinity induced a significant reduction in the transpiration rate, stomatal 
frequency, leaf area, water content, dry matter, amount of photosynthetic 
pigments, saccharide and protein contents, and the contents of K, Ca, Mg and P. 
A marked and progressive increase in sodium content was also associated with a 
considerable increase in the contents of free amino acids, including proline. 
Such adverse effects of salinization were attributed to the ion excess effect 
that lowered the internal К /Na ratios (Greenway and Munns, 1983; Lynch and 
Lauchli, 1984) and the Ca2 /Na ratios (Wyn Jones and Lunt, 1967), known to be 
critical for several metabolic functions. The recorded promotion in growth after 
irrigating salinized bean plants with 200 ppm KNO3 is in accordance with the 
results obtained by Helal and Mengel (1979) in barley and by Muhammed et al. 
(1987) in rice plants. Also, Aslam et al. (1988) showed that on a whole plant 
basis Atriplex amnicola usually had a high selectivity for К uptake over Na 
uptake. 
The consistent decrease in carbohydrates and proteins, associated with a 
concomitant increase in total amino acid content, indicates that salinity may 
stimulate the conversion of carbohydrates into amino acids (Stewart et al., 1966) 
and/or slow down the rate of incorporation of free amino acids into the protein 
chain (Devitt et al., 1987). The high soluble protein content in K-treated plants, 
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Table 4 
Effect ofNaCI salini/ation and KNOi fertilization on the mineral composition (mg g 1 dy matter) in the shoots and roots of bean plants 
KNO< NaCI Shoots Roots 
(gm ') (niM) Na К Ca Mg P K/Na Ca/Na Na К Ca Mg P K/Na Ca/Na 
0 6.55 17.7 25.7 7 44 5.75 2.70 3 90 9.27 20.3 36.6 5.40 5.90 2.19 3.95 
50 1 1 4** 13.5** 20.8** 6.81** 5.85** 118** 1.82** 12.4** 19.8** 37.8* 4.65** 5.87 1.60** 3.05** 
0.0 100 17.6** 12.0** 21 7** 6 12** 6.40** 0.68** 1 33** TT 1 ** 17.3** 37.3 3.90** 5.33** 0.78** 1.69** 
150 20. 8** 9.70** 184** 4 70** 5.70 0.47** 0.88** 27.3** 14.6** 34.8** 3 11** 3.24** 0.53** 1.27** 
200 27.3** 8 55** 16 7** 4.55** 4.83** 0.31** 0 61** 37.5** 12.5** 30.2** 2.80** 3.00** 0.33** 0 81** 
50 7.50 20.9** 26 8* 7.30** 7.07** T 79** 3.57** 10.5 22.8** 41.3** 6 12** 7.00** 2 17 3 93 
200 100 9.85* TT 4** 28 8** 8.10** 6.88** T T7** T 9T** 14.8** 25.3** 44.5** 5.58 7.37** 171** 3.01** 
150 15.3** 25.3** 30.6** 8 05** 6.17** 1.65** 2.00** 19.8** 26.4** 43.2** 4.43** 7.77** 1.33** 2.18** 
200 7** 26.2** 31.0** 7 TT** 5.45** I I I * * 1.31** 24.5** 30.2** 42.0** 3.74** 8.40** 1.23** 1.71** 
LSD*. 1.85 1.04 1.07 0.08 0.06 0.02 0.03 2.04 0.24 1.05 0.21 0.46 0.02 0.04 
LSD,O„ 2.53 1 42 1.47 0.11 0.08 0.03 0.04 2.80 0.33 1.44 0.29 0.55 0.03 0.05 
1
 = Significant differrences ** = Highly significant differences from the control 
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accompanied by a significant decrease in the free amino acid content, indicates 
the role of К in the proper utilisation of amino acids in protein synthesis 
(Mitchell et al., 1976) which may in turn play an important role in increasing the 
salt tolerance of bean plants (Munns et al., 1979; Shaviv and Hagin, 1993). In 
accordance with this, Thakur and Ray (1982) have shown that in water-resistant 
maize cultivais exposed to osmotic stress more protein was accumulated than in 
susceptible ones. 
The addition of potassium to the salinized soil significantly decreased the 
accumulation of sodium and strongly increased the accumulation of К and Ca in 
the different parts of salt-stressed bean plants, consequently resulting in high 
K/Na and Ca/Na ratios. Hence, the addition of potassium to saline soils could 
help to avoid the potassium deficiency induced by sodium stress. This action 
could regulate some of the important cell activities and alleviate the inhibition of 
growth caused by NaCl salinity. 
Generally, it can be said that the beneficial effect of fertilisation with 
K.NO3 alleviated the inhibitory effects of salinity in bean plants, especially under 
low and moderate NaCl salinity levels. This alleviation was generally associated 
with high potassium and low sodium contents in the different organs of the 
variously fertilized plants. Therefore, this alleviation could in addition bring 
plant life back to normal growth and metabolism. 
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STOMATAL BEHAVIOUR AND WATER STATUS OF COWPEA 
AND PEANUT AT LOW SOIL MOISTURE LEVELS 
M. C. NWALOZIE* and D. J. M. ANNEROSE 
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(CERAASMSRA/CNRA, B. P. 59 BAMBEY. SENEGAL 
(Received: 14 June, 1995, accepted: 25 January, 1996) 
The drought resistance characteristics of ihrcc genotypes each of ligna ungutculata 
(cowpea) and Arachis hypogaea (pcanul) were evaluated on a comparative basis lo determine 
(he diverse approaches these species utilize in their resistance to soil moislurc stress. Stomatal 
closure during soil moisture stress was significantly more rapid in cowpea than in peanut When 
plants were revvatcred the stomatal conductance in recovering cowpea was higher than that in 
peanut Also, at more negative osmolic concentrations of unsaturated salt solution, the leaf 
tissue of watcr-slresscd cowpea retained a higher relativ e walcr content than that in peanut 
Whereas the temporary willing point (TWP) in cowpea was 78% relative water contenl (RWC). 
peanut leaves enlcrcd permanent willing stalus (PWS) below 55% RWC However, leaves that 
had not passed TWP recov ered on rchvdration In spite of the low RWC in peanut, the relativ e 
fruit yield per unit weight of shoot material was not significantly reduced, as distinct front the 
situation in cowpea where relative yield was alTcclcd bv the stress 
Key words: Arachis hypogaea. I'igna iinguiculata. drought resistance strategies 
Introduction 
Water is one environmental factor that has a great effect on stomatal 
resistance under field conditions (Turner. 1974). At high soil moisture, the diurnal 
range of stomatal resistance in maize, sorghum and tobacco resulted from changes 
in incident radiation. Turner and Begg ( 1973) observed that as the turgor potential 
decreased with decreasing leaf water potential tobacco wilted at higher leaf water 
potential than maize, and maize at a higher leaf water potential than sorghum. 
Stomatal conductance, therefore, is a major factor controlling plant water loss, and 
is considered as a veritable tool in assessing drought resistance (Matin et al., 1989). 
Loss of water from turgid leaf tissue in response to transpiration results in not 
only a significant decline in water potential, but also a decline in osmotic potential. 
Therefore, plants in this condition must be capable of adjusting so as to sustain 
appropriate stomatal movements, photosynthesis and cell elongation during water 
stress, and develop enhanced dehydration tolerance, increased capacity for soil 
moisture uptake, and delayed leaf mortality (Ludlow. 1980: Turner and Jones. 
1980; Morgan. 1984; Turner. 1986). 
It has been reported (Hall, 1981 ) that in the middle of the day cowpeas which 
had not received rain or irrigation for two or three months exhibited leaf water 
potentials that were only 2 bars more negative than plants irrigated weekly. Also, 
peanuts have been observed to survive for more than eight weeks in the field 
* CorrosjmniJing author (>;.tX-01M/9WS 5.(1(11' 19%.Ikudemiai Kiadó. Budapest 
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without any fonn of irrigation (Annerose, 1990). The present study was, therefore, 
carried out to explain the higher leaf relative water content (RWC) frequently 
observed in cowpea than in peanut during drought. RWC is one important 
parameter used in determining plant water status during drought. This stu< -
appraises the potential strategies of these species, grown in semi-arid Senega! and 
other sub-Saharan countries, in resisting a prolonged drought. 
Materials and methods 
Plant materials 
Three genotypes of cowpea (Vigna unguiculata) and three of peanut (Arachts hypogaea) were 
studied. The cowpea genotypes were IT84S2246-4 (tagged CVi for the purpose of this study). 
TVU3000 (tagged CV2) and B89-504 (tagged CV3). while the peanut genotvpes were 55-437 (tagged 
PVt), 73-30 (tagged PV2) and GC835 (tagged PV3). 
Growth conditions, treatments and sampling 
The plants were grown in a transluscent air-conditioned glasshouse; mean day temperature was 
40.6 °C ± 2 °C. and mean night temperature was 23.5 °C ± 1.4 °C. Relative humidity was 95% + 3.5% 
at 0300 h and 19.8% ± 4 1% at 1500 h (universal time) Natural light was not supplemented, and 
maximal irradiancc was >800 pM m s 1 at midday This experiment was carried out in Bambey, 
Senegal. 
The seeds were treated with a fungicide (dcltamcthrine. 12 g litre '). and sown in 20-litrc PVC 
pots containing 28 kg of a sandy soil. Prior to sowing. 5 g of a compound fertilizer (N6P2oKio) were 
applied and the soil was irrigated to field capacity. Aflcr sowing the seeds were allowed to germinate on 
stored soil moisture, after w hich 400 cm1 of w ater were supplied daily to each pot 
The design was a randomized complété block, with two species, three genotypes and two 
irrigation schedules (irrigated and stressed), replicated five times. Soil moisture stress was applied by 
withholding ímgation from day 32 after sowing to day 50, while irrigation was continued for non-
stressed plants. Soil moisture stress was terminated when the soil volumic humidity was 1.11 ± 0.38 
cm3 cm 3, i.e. 87.4% less than the control (which was maintained at 8.70 + i.20 cm' cm 3 lor most of 
the period). 
On the 20th day after sowing (DAS), and at intervals of seven days thereafter, measurements of 
stomatal conductance and leaf relative water content (RWC) were taken. All measurements were taken 
from the third most expanded leaf from the shoot apex. Stomatal conductance was recorded between 
1300 h and 1330 h with a Dclta-T diffusion poromeler (Kancmasu et al., 1969). The adaxial and 
abaxial stomatal conductanccs were measured separately on adjacent portions of the leaf, and 
conductance was calculated assuming that the two leaf surfaces acted as parallel resistors. Intact plant 
ieaf relative water content ( RWC) was determined from 
intact plant RWC = |(FW-DW)/(TW-DW)| * 100. 
where FW is fresh weight. DW is dry weight and TW is turgid weight after floating for 4 h. 
Osmotic adjustment (OA) was determined on the 47th day only . The method used involved 
collecting leaves of plants pre-dawn in scaled p'astic bags containing damp tissue paper Leaf discs, 6 
mm m diameter, were punched, vwapped in parafilm paper and immediately weighed (M,) on a precision 
baiance. The parafilm paper was subsequently removed and the disc placed on a stainless-steel screen 
suspended about 5 mm above 26 ml of unsaturated sodium chloride solution of known molality in a 
sealed test tube at 5 °C (the disc is thus in contact only w ith the vapour of the salt solution) Eleven salt 
solutions were used whose water potentials (vp) ranged from -0 09 to -7.5 MPa (Livingston and de 
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Jong. 1988) After 12 h the discs were rewcighcd (M) and then oven dried at 65 °C for 24 h to 
determine their dry weight (Md). The disc RWC was calculated as: 
RWC of disc exposed to osmoticum = (M- Mdj/(Mt- Mj) x 100, 
wheic M is 'he mass at a given 4/. M, is the disc mass at full turgor and M<j is dry weight This 
. : uremcr,: enabled us to determine the rate of water release from both species when exposed to 
. "lie dr. mg. Relative fruit yield was determined per unit weight of shoot material (Nwalozic et al., 
1992). 
AI! data were subjected to analysis of variance, and treatment means were separated using least 
gnificant differences (Steel and Torne, 1980) 
Results and discussion 
Stomatal conductance was significantly reduced during drought (Fig. 1). As 
soon as irrigation was withheld, stomata behaved sluggishly and finally closed as 
stress persisted. Stomatal closure during soil drying (or soil moisture stress) was 
more rapid in cowpea than in peanut. The prompt response through stomatal closure 
m cowpea enabled the plants to check stomatal transpiration as soil moisture deficit 
persisted. Complete stomatal closure was delayed in peanut (in PV b for example, 
complete closure was delayed for seven days). Such delays, although beneficial in 
respect of CO; assimilation, involved the risk of continued water loss through 
partially open stomata. Cowpea has been reported to be one annual crop that 
exhibits extreme drought avoidance as a result of rapid stomatal response (Hall and 
Schultze. 1980a. b; Turk and Hall. 1980a, b). 
The drought adaptive value of a crop would depend on the balance between 
the regulation of water loss and the maintenance of atmospheric CO; assimilation, 
as in peanut. A previous report (Hall and Schultze, 1980b) indicated that the partial 
stomatal closure in cowpeas during stress resulted in improved water-use efficiency, 
and that their extreme drought avoidance was a conservative response. However, the 
responses of annual plants ate not conservative; instead, transpiration is maintained 
at the risk of complete soil water exhaustion, low water potential and damage to the 
protoplasm (Fischer and Turner, 1978). 
The plants that had experienced soil moisture stress had significantly 
(P<0.05) higher leaf RWC than the non-stressed ones when they in tum were 
exposed to various concentrations of an osmoticum (Fig. 2). When the osmotic 
potential of the sodium chloride solutions was more negative the leaf tissue of 
cowpea retained higher moisture than that of peanut. Cowpea leaf discs thus bound 
water molecules to the protoplasm with more tenacity than peanut. This could be the 
result of the higher concentration of total nitrogen per unit leaf tissue (data not 
included here) which was maintained in stressed cowpea, whereas there were 
decreases in the quantity of total nitrogen in stressed peanut. Free amino acids 
contribute to the total nitrogen pool in stressed plants (Sivaramakrishnan et al., 
1988; Handa et al., 1983). These nitrogenous compounds could contribute to 
osmotic adjustment in cowpea. Osmotic adjustment and changes in the cell wail 
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elastic modulus may be one of several mechanisms that enable cowpea to maintain 
physiological activity and prolong leaf survival as plant water deficits persist 
Generally, drought caused significant (P<0.05) reductions in the leaf RWC of 
intact plants (Fig. 3). However, whereas the RWC in cowpea did not drop below 
80.8% during drought, the RWC in peanut dropped as low as 57.3% (see peanut 
PVi). A high temporary wilting point (TWP) was observed in cowpea (78% RWC), 
below which the leaves entered an irreversible permanent wilting status (PWS). 
Peanut leaves entered PWS below 55% RWC. Leaves that had not passed TWP 
recovered after rehydration on the 51st DAS. 
Although cowpea had higher RWC and promptly closed its stomata, the 
relative pod yield (g g ' shoot weight) in stressed cowpea was not higher than in 
peanut (Table 1). Rapid stomatal closure may have interfered with C02 
assimilation, especially during reproductive growth in cowpea. However, a prompt 
stomatal response and the ability to bind water molecules to the protoplasm with 
high tenacity appear to be significant factors, responsible, among others, for the 
higher leaf RWC in cowpea than in peanut. On the resumption of irrigation peanut, 
which appeared to have largely suspended its growth, recovered its lush growth 
more rapidly than cowpea. In conclusion, therefore, cowpea and peanut appear to 
exhibit two different but efficient strategies in response to drought, since relative 
yield was not affected. Cowpea utilizes a conservative strategy, whereas peanut has 
an evasive mechanism (a strategy not fully understood), in which growth appears to 
be largely suspended while awaiting a resumption of irrigation. 
Table 1 
Relative fruit yield (g g 1 shoot weight) in cowpea 
and peanut genotypes grown under two soil moisture regimes 
Irrigated Stressed 
Cowpea 
cv, l.29b 0.90a 
cv2 l.32b 1.03a 
CV., 1 63b 1.20a 
Peanut 
PV, 1.42a 1.24a 
PVo 1.07a 0.83a 
PV, 1.74a 1.45* 
Means within a horizontal row with different letters 
are significantly (P<0.05) different. 
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GENETIC ANALYSIS OF DISEASE RESISTANCE 
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The gcnctic analy sis of common wheat lines sclcctcd from hybrid populations in the 
progeny of crosses between common wheat and tctraploid spccics ( Trilicum timopheevii 
and Trilicum militinae) rev ealed the monogenic control of resistance to leaf rust Some of 
the introgrcssivc lines had an effectiv e resistance gene which was independent of genes l r'J. 
Irl9 and Ir24. and was either identical to gene I.r23 or closcly linked with it The other 
lines carried new effective genes for resistance, which were different from I r9. / ri9 and 
Tr24 It was shown that introgrcssivc derivatives of / timopheevii were protected against 
pou dm mildew either by the gene Pm 6. or by gene combinations J'm2+Pm6. or 
I'm2 Pm4 Pm6 The resistance of the T militinae x T timopheevii dcrivalivcs was 
controlled bv genes that the tester isolates failed to identify The monosomic analysis of the 
mildew resistance in the introgrcssivc line SMT34. a derivative of / militinae -
T timopheevii. indicated that resistance to this pathogen was controlled by a dominant gene 
located on chromosome 4A 
Key words: wide hvbridi/ation. Trilicum aeslivum. i timopheevii. /' militinae. 
powdery mildew. Icafrust. resistance genes 
Introduction 
The production of wheat varieties resistant to different pathogens is one of 
the key problems of wheat genetics and breeding. Leaf rust (Puccinia réconcilia 
f . sp. irilici) and powdery mildew (T.'rysi/ihc gramm is f. sp. irilici) are the major 
wheat diseases which occur in the Baltic countries and in almost all temperate 
regions of the world. To solve this problem, together with traditional approaches, 
wide hy bridization with various species of the subtribe Trilicinae is being used to 
an ever grcated extent (Jiang et al.. 1994). 
At present, a great number of alleles have been found for mildew and rust 
resistance. However, in commercial varieties, only a few major resistance genes 
are currently in use. The efficiency of most known resistance genes is more or 
less exhausted because they all hav e been eventually overcome by new races of 
the pathogens. Therefore, (here is a need for more effective novel sources of 
resistance against these diseases. 
The tctraploid wheat species Trilicum timopheevii Zhuk. and T. mililinae 
Zhuk. et Yligush. (2n 28. genome formula AAGG) are well known for their 
IC3X-0 !((]/%/$ S.(KI' 1M96. [kadéntiai Kiadó. Budapest 
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complex resistance to diseases. TriUcum limopheevii was first found in Western 
Georgia by Zhukovsky in 1926. TriUcum mililinae was isolated as a spontaneous 
mutant from collection plots of /'. limopheevii by Zhukovsky in 1950. and 
differed from the latter in having naked grains and black awns. Both of these 
species have attracted the interest of wheat breeders and geneticists on account of 
their exceptionally high immunity (Zhukovsky, 1971). Therefore, they have 
frequently been included as parent components in wide crosses with common 
wheat. The main obstacle for using these species in wide hybridization is the high 
sterility of the F| hybrids. Feldman and Sears (1981) assumed that the poor 
chromosome pairing in F| hybrids was due to structural differences between the 
genomes of hexaploid and tetraploid wheats. However, Wagenaar (1963) 
suggested that the irregularities in meiosis and the sterility of F| hybrids were 
due to the genetic system, involving desynaptie genes, which affected 
chromosome pairing and chiasma formation. 
Programmes of interspecific hybridization have been undertaken with the 
aim of achieving the alien transfer of disease resistance genes from tetraploid 
wheat to the common wheat genome. Hie objective of the present study was to 
provide information on the occurrence, distribution and location of disease 
resistance genes in introgressive lines, derivatives of T. limopheevii and '/. 
mililinae. 
Materials and methods 
In the progenv of crosses between the common wheal variety Saratovskaya 2l) and the 
common wheat mutant Íme 146-155. as female parents, on the one hand, and / limopheevii and the 
hybrid Fi (7 mililinae T. limopheevii) as male parents, on the oilier hand, pentaploid hybrids 
were produced. These hybrids were completely sterile and were maintained bv backcrossings with 
the female parents for three generations. In F4 progenies the disease reactions of the plants varied 
from highly susceptible lo entirely resislani Using permanent estimation of hv brid plants in an 
artificial inoculation background. 15 lines with phenotypes of common wheat and resistance to leaf 
rust and powdery mildew were identified and stabilized 
The inheritance of resistance to the local population of leaf rusi in introgressive lines was 
determined using crosses with an isogenic set of Thatcher lines carrying effective resistance genes 
Lrh. I rl h and I.r24. For the identification of gene I r23 phytopathological analy sis using the leaf 
rust test-isolates was carried oui 
In the search for new resistance genes, derivatives of T limopheevii and /. mililinae (some 
front our collection and some kindly prov ided bv Dr F. Budashkina. Novosibirsk) were screened for 
their response to a set of differential mildew isolates. The specific interaction between the host plant 
(resistance) and die pathogen (virulence) were used to idcniifv the resistance genes. Ncar-isogcnic 
lines of the v ariety Chancellor with known mildew resistance genes, and TP 114. twice baekerossed 
lo the variety Starke, possessing the resistance gene i'mh. were kindly provided by R A Mcintosh. 
Australia. The remaining differential varieties were obtained from the germ-plasm collection of the 
Institut für Pflanzenbau und Pflan/cn/üchtung. Wcihcnslephan. Gcrmanv 
The lests for leaf nisi and mildew resistance were carried out on segments of primary leav es 
of host plants grown in a phytolron. The leaf segments were placed in Petri dishes on Og/I agar with 
35 mg/1 bcn/imida/olc The mildew isolates used for the discrimination of the resistance genes were 
collected from sev eral European countries and selected from single spore progenies b\ E Limpcrl. 
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Zürich The methods applied for the inoculation of the leaf segments and the disease assessments 
were previously described by Lutz et al. (1992) and Zeller et al. (1994). 
Using a set of monosomic lines of the susceptible variety Chinese Spring, monosorruc 
analysis of the line SMT34 was earned out to determine the chromosomal location of the resistance 
gene. 
Results and discussion 
Genetic analysis of the hybnd progeny from crosses between introgressive 
lines and the susceptible variety Saratovskaya 29 was carried out to determine the 
number of genes conferring resistance. The analysis of the F2 hybrid population 
revealed a segregation which fitted the 3 resistant : 1 susceptible ratio (Table 1). 
Consequently, in the seedling stage, plants of the introgressive lines SMT11, 
SMT14. SMT16, SMT26, SMT27, SMT37 and SMT67 have a single dominant 
gene which governs resistance to the local population of leaf rust. 
The inheritance of disease resistance in introgressive lines was determined 
using an isogenic set of Thatcher lines carrying the effective resistance genes Lr9, 
Lrl9 and Lr24 The segregation in F2 hybrid populations showed that 
introgressive lines had resistance genes which were independent of the effective 
genes Lr9, Lrl9 and Lr24 (Table 2) and (as revealed by phytopathological 
analysis) were either identical to gene Lr23 or closely linked with it (Enno and 
Peusha. 1992; Peusha and Enno, 1992). 
In the search for new resistance genes, a collection of derivatives of /'. 
timopheevii and / militinae was screened for response to a set of differential 
mildew isolates 
Table I 
Segregation of Fi hy brids from crosses of resistant lines w ith the susceptible 
var Saratov skava 29 
Proportion of resistant 
Cross combination No. ofplants and susceptible plants 
observed expected 
SMT14 • Saratov 29 99 71:28 3 1 0.05 
SMT37 • Saratov 29 97 74:23 3 1 0.09 
SMT27 • Saratov 29 100 71:29 3 1 1.01 
SMTK. • Saratov 29 91 67:24 3 1 0 19 
SMT26 • Saratov. 29 100 73:27 3 1 0.21 
SMT1 1 • Saratov. 29 60 48:12 3 1 0.80 
SMT67 x Saratov. 29 94 75:19 3 1 1.59 
•/'=3.84, P=().()5 
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Table 2 
Segregation of F2 hybrids of resistant lines with tester lines of var Thatcher 
Proportion of resistant 
Cross combination No. of plants and susceptible plants y; 
observed expected 
SMT5 * I.r9 100 80 : 20 13:3 0.11 
SMT5 * l.r24 119 68 : 51 9:7 0.03 
SMT11 *Lr9 110 89 : 21 13:3 0.13 
SMT11 X I.i-24 100 94 : 6 15:1 0.14 
SMTI4 *Lr9 100 94 : 6 15:1 0.14 
SMT 14 X Irl9 100 95 S 15:1 0.29 
SMT 14 X I.r24 1 10 89 : 21 13:3 0.06 
SMT 16 * Lr9 120 102 : 18 13:3 0.19 
SMT 16 «Tri9 120 98 : 13:3 0 01 
SMT 16 X I.r24 87 50 : 37 9:7 0.43 
SMT26 X l.r9 100 83 : 17 13:3 0.19 
SMT26 X Irl 9 100 91 9 15:1 1.28 
SMT26 X Tr24 100 84 : 16 13:3 0.21 
SMT28 X Lr9 100 90 : 10 15:1 2.18 
SMT28 - I.rl9 100 78 : vi 13:3 0.57 
Z2=3.84. 1' 0 05 
Table 3 shows the host-pathogen interactions of the seven near-isogenic 
wheat lines and the eleven varieties/lines carrying known major /V»-genes, alleles 
and gene combinations for resistance. Using 1 i mildew isolates, three major 
classes of host reactions were distinguished: r - resistant, i - intermediate, s -
susceptible. The combined classes r.i and t.s indicate that both reactions were 
observed: s/i means that a mixture of plants occurred showing susceptible and 
intermediate response. 
All the wheat lines derived from the crosses of Novosibirskaya 67 and 
Saratovskaya 29 as recipients with '/'. Imiophcevu and /. mil и mac were 
inoculated with a set of mildew isolates (Table 4). The line 21rt-1 showed 
resistance to isolates Nos 5, 6, 9, 10, 13 and 15 and combined reaction i.r. r t or 
s/r to other isolates. The response pattern was very similar to that of line 146-
155-T, but could not be attributed to any pattern of a single gene or a 
combination of the known major resistance genes. The lines 7n-l . I lc-1 and 3c-1 
showed patterns that were very similar to phenotypes which carried the resistance 
genes I'm2 and PmO. The line 1 lc-1 appeared to possess, in addition, the 
resistance gene Pm4b. 
The response pattern of the line 1 lc-2 showed a resistance pattern 
characteristic of Pm6, corresponding well with the pattern of the tester line 
TP 114/2* Starke. 
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Table 3 
Reaction of varieties and differentiating lines carry ing genes for resistance to powdery mildew 
inoculatcd with 11 isolates of E. graminis f. sp. tritici 
Variety or line Resistance gene Isolates of E. graminis tritici 
2 5 6 9 10 12 13 14 15 16 17 
Axminster/CcX* Pml r s r i,s r s s s r s s 
Ulka/Cc8* I'm 2 s r r s r s s s r s s 
Asosan/Cc8* РтЗа r s r r r s r r s s i 
Chul/Cc8* РтЗЬ r s s r r r r r s r i,s 
Sonora/Cc8* 
РтЗс 
r s s i r s r i,s s s s 
Kolibri Pm3d s s s r s r s r r s r 
WI50 РтЗе s i,s i,s i r i,s r r.i s s s 
M.A./Cc8* Pm3f r s s s r s r i,s s s s 
Khapli/Cc8* I'm 4a s г s r i r s s i s i 
Armada Pm4b s r s r r r s s r s s 
Hope Pm5 s s s s r s s r s s s 
TP 114/St.2** Ртб s r.i r.i r s r,i r,i r,i i s s 
Disponent PmH r s s r s r s s s s r 
Normandie Pml+2<9 r r r r r s s s r s s 
BRG 3N*** Pml 6 r r r r r r r r r r r 
Amigo Pml" i i i s i i i r s i r r,i 
Notes: r - resistant, s - susceptible, i - intermediate 
*8-fold backcross to Chancellor 
** Double backcross to Starke 
***BRG 3N/76-F2-205-dcrivatc of T. turgidum var. dicoccoides 
It is known that gene Ртб (chromosome 2B) originates from T. 
timopheevii (Jtjrrgensen, Jensen, 1972). However, the location of I'm2 on the 
chromosome 5D gives rise to doubt as to whether this gene traces back to T. 
timopheevii, since its tetraploid genome includes only the A and G genomes. It 
was shown that T. timopheevii was a potential source of the resistance to wheat 
powdery mildew (Mains, 1934; Shands, 1941; Allard, 1949). Two breeding 
lines CI 12632 and CI 12633 were developed from an interspecific hybrid of T. 
timopheevii and the spring wheat Illinois No. 1/Chinese C.I. 6223 by two 
backcross generations to the common wheat parent followed by eight selfing 
generations (Allard and Shands, 1954). Nyquist (1963) found two resistance 
genes to mildew in CI 12633, identified as Pm2 and Pm6. Jtjrrgensen and Jensen 
(1972, 1973) also supported the assumption that gene Pm2 might have been 
derived from T. timopheevii. The results of the present work demonstrate the 
direct transfer of both Pm2 and Ртб genes to common wheat. Since the varieties 
Novosibirskaya 67 and Saratovskaya 29 appear not to possess any major 
resistance genes (Peusha et al., 1995), it is obvious that Pm2 and Ртб traces 
directly back to T. timopheevii and has been transferred to common wheat by 
crossing-over. 
The response pattern of T. timopheevii and T. militinae derivatives 
following inoculation with 11 different powdery mildew isolates was very 
Acta Agronomica Hungarica A4. 1996 
242 H PEUSHA et al. 
similar to that of phenotypes possessing the resistance genes Pm6, 
Pm2+Pm4+Pm6, or Pm2^Pm6 (Table 4). The tester isolates used failed to 
identify the genes controlling the resistance of these lines. 
With the help of aneuploid monosomic analysis, the number of genes 
conferring resistance and dominance or recessiveness can be determined and the 
genes can be located to specific chromosomes. Using the monosomic set of lines 
from the variety Chinese Spring, monosomic analysis was carried out on the 
introgressive common wheat line SMT34 to determine the chromosomal location 
of the transferred resistance gene. The test for mildew resistance was carried out 
on segments of primary leaves of host plants in a phytotron using agar-
benzimidazole. F2 progeny of the monosomic hybrids were tested for resistance 
or susceptibility to mildew isolate No. 9. The frequencies of resistant and 
susceptible seedlings in the F2 population are presented in Table 5. On the basis 
of monogenic segregation, the deficiency of susceptible seedlings in the 
chromosome 4A monosomic line was highly significant, and the resistance gene 
showed a dominant inhentance. 
It has been reported that a dominant resistance gene Pml6 is located on 
chromosome 4A (Reader and Miller, 1991). This gene was introduced into 
hexaploid wheat from the wild emmer wheat, Triticum thcoccoides. An allelic 
test was conducted using crosses between the resistant introgressive line SMT34 
and a common wheat line carrying the PmI6 gene. The results of this test showed 
that the resistance gene located on chromosome 4A is a new gene and is not 
identical to Pml6. 
Table 4 
Reaction of hexaploid lines of common w heat derived from T. timopheevii and T. militinae 
inoculated with 11 isolates of E. gramims tritici 
Variety' or line Resistance gene Isolates of A', graminis tritici 
2 5 6 9 10 12 13 14 15 16 17 
Novosibirskaya 67 * T. tim. 21n-l 9 i,r r r r r r.i r s/r r r,i r/i 
Novosibirskaya 67 x T.iim 7n-l Pm2^6 S r r r r r.i r r,i r r i/r 
Saratovskaya 29 x T. tim. 1 lc-2 Pm2+Pm6 s r,l r r r.i i.s r r.i r.i r.i s 
Saratovskaya 29 x T. tim. Зс-1 Pm2 6 s r r r r i/r r r r r i.r 
Saratovskaya 29 x T. tim. 1 lc-1 Pm2• 4b Pm6 s r r.i r r r r r r r i/r 
146-155 x T timopheevii 9 r,i r,i r r r.i r r.i r r i,s r 
Saratovskaya 29 HT. mil.M. //w.)SMT13 ? s.i r r.i r r r r.i s r i.s i.r 
Saratovskaya 29 x(A mil. *T. h/w.)SMT26 9 l,r r.i s r,i s s s s r r r.i 
Saratovskaya 29 x(A mil.xT. rim.)SMT27 - i.r r.i i.r 1 s i r.i s r.i s r.i 
Saratovskaya 29 x(A mil.xT. tim.)SMT28 9 s s s s s s r s s/i s i 
Saratovskaya 29 *(/' mil. 'T. /™.)SMT30 9 s i/r s r,i s s i s s s i/r 
Saratovskaya29 *(/'. mil.x'T. nw.)SMT34 9 r r r r r r r r r r r 
Saratovskaya 29 x(A. mil.xT. tim.)SMT45 9 r,l i/r r.i r r.i s r s s s s 
Saratovskaya 29 x(7! mil.xT. rim.)SMT67 9 s r,i i,s r.i s s s s s s s 
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Table 5 
Monosomie analysis of mildew resistance in С hybrids between 21 Chinese Spring 
monosomic lines and the strain SMT 34 
Monosomie 
lines 
No of plants Powdery mildew isolate No. 9 
R : S. Ratio 
1A • SMT 34 139 34 : 105 1 3 0.022 
2A • SMT 34 135 95 40 3 1 1.543 
ЗА -  SMT 34 138 99 39 3 I 0.783 
4A - SMT 34 256 240 16 3 1 53.01** 
5A -SMT 34 142 60 82 3 1 81.21* 
6A » SMT 34 1X0 140 40 3 1 0.593 
7A - SMT 34 143 108 35 3 1 0.021 
1В • SMT 34 132 98 34 3 1 0.040 
2B x SMT 34 25 18 7 3 1 0.120 
5B>SMT 34 137 105 32 3 1 0.197 
4B-SMT 34 145 112 33 3 1 0.389 
5В xSMT 34 128 96 32 3 1 0.00 
6B • SMT 34 147 113 34 3 1 0.274 
7B • SMT 34 138 86 52 3 1 11.836* 
ID - SMT 34 142 89 53 3 1 11.50* 
2D < SMT 34 77 60 14 3 1 1.459 
3D x SMT 34 60 44 16 3 1 0.089 
4DxSMT 34 144 104 40 3 1 0.694 
5DxSMT 34 140 107 33 3 1 0.152 
6D - SMT 34 150 1 12 38 3 1 0.009 
7D-SMT 34 142 1 10 32 3 1 0.460 
Disomic 144 101 43 3 1 1.815 
* P<0.05 
** P<0 0l 
The above data allow the conclusion that the tetraploid species T. 
timopheevii and '/'. militlnae, which are known to share one genome with T. 
aesi/vum, introduce additional genetic variation to be used in improving disease 
resistance. Resistance genes from these species and other relatives of wheat may 
be a valuable addition to the wheat genetic reservoir and offer new opportunities 
for maintaining the diversification of the resistance gene combinations in new 
wheat varieties. 
However, to provide a better estimate of the amount of alien genetic 
material introgressed in the common wheat genome, m situ hybridization 
experiments are currently being performed, which, combined with cytogenetic 
analysis, are expected to allow more soundly based conclusive considerations 
(.larve et al.. 1996). 
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GENETIC ANALYSIS OF SELECTED PHYSICAL PROPERTIES 
OF THE CULM OF CAPPELLE-DESPREZ/BEZOSTAYA 
SUBSTITUTION LINES 
R. DOLÎNSKI, D. MlAZGA, A. WORLAND1 and K. KOWALCZYK 
tNSTITUTH OF GENETICS AND PLANT BREEDING, ACADEMY OF AGRICULTURE, 
LUBLIN, POLAND 
'JOHN INNES INSTITUTE, NORWICH, ENGLAND 
(Received: 8 December, 1995, accepted: 13 May, 1996) 
The objective of the present study was to perform a genetic analysis of selected 
physical properties of the culm which determine the resistance to lodging of Cappelle-
Dcsprcz/Bezostaya substitution lines. The experiment comprised three randomised 
replicates. At the phase of full ripeness. 60 stems were cut from each of the substitution 
lines and the parent varieties. Those phy sical properties of the culms which determine the 
plant's resistance to lodging were measured in the laboratory. 
Significant differences between the substitution lines and the recipient parental variety 
Cappelle-Dcsprez were calculated using Tukey's intervals of credibility. 
The results obtained in this paper demonstrate the poly genic control of the mechanical 
properties and the geometric features of the culm. 
Key words: localisation of genes, substitution lines, Triticum aestivum L., 
mechanical properties, geometric features 
Introduction 
Single chromosome intervarietal substitution lines are used primarily for 
the localization of genes to individual chromosomes. As they breed true they 
permit fully replicated experiments to be conducted under a variety of 
environmental conditions to allow an accurate determination of the genetic effect 
of individual chromosomes and their interactions within and between 
homoeologous groups. The directed substitution of chromosomes permits 
improvements to a given variety, as required by breeders. The positive effect of 
substitution on the development of features determined by the interaction of 
genes from two different plant varieties should be attributed to the alloploidal 
structure of wheat, and especially to the homoeology of the chromosomes (Sears, 
1952; Riley and Law, 1965). 
Since the pioneering work of Kuspira and Unrau (1957) utilising 
intervarietal chromosome substitution lines developed by Prof. E. R. Sears who 
substituted chromosomes of Thatcher, Hope and Timstein into Chinese Spring, 
substitution lines have been used to locate many genes controlling the qualitative 
and quantitative characters of wheat (Law, 1966; Morris et al., 1973; Law et al., 
1974; Miazga and Chrzqstek, 1982). 
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The objective of the present study was to perform a genetic analysis of 
selected physical properties of the culm to determine the resistance to lodging of 
Cappelle-Desprez/Bezostaya substitution lines. Previously few studies of this 
important character have been published, of which that of Al-Qaudhy et al. 
(1988) is probably the most comprehensive. 
Materials and methods 
The experiments described in this paper utilise a set of single chromosome substitution lines 
substituting indiv idual chromosomes of the Russian variety Be/oslaya I into the French variety 
Cappclic-Dcsprez. The development of the lines is described by Law and Worland (1996) The 
substitution lines for each of the 21 individual chromosomes were sown with the parent varieties in 
the autumn of 1991 in Lublin. Poland, in a nursery , at 20 by 10 cm spacing. The experiment w as set 
up according lo the random blocks method, in three replications, on plots of 0.8 m each At the 
phase of full ripeness. 60 stems were cut from each genoty pe under study (one per plant) Those 
physical properties of the stalks which determine the resistance of plants to lodging were measured 
m the laboratory The measurements were obtained with a set of instruments developed at the 
Institute of Agrophysics of the Polish Academy of Science in Lublin (Szot and Skubisz. 1979). and 
an ultrasonic tester, Unipan ty pe 543 (Gawda. 1993). An electric dynamometer was used to measure 
the force required to dctlcct the culms from the vertical by an angle of 45". In the course of the 
measurements, the length of the culm and the angle of deflection were read out directly from the 
calibrated scrccn. The mass of the stem and the tntcrnodai length were determined, followed by 
ineasurcments of the internal and external diameters at six points along the length of the stem. A 
5 cm section w as cut out from the middle of the second internode from the top. The section was used 
to determine the v elocity of ultrasonic wave passage through the mechanical tissue. The frequency 
used was 40 kHz.. 
Fonnulac dev eloped at the Institute of Agrophysics (Szot and Skubisz, 1979) were used to 
calculate the rigidity of the stems and the coefficients of elasticity of their tissues. The results of 
direct measurements and the indexes calculated by means of the formulae were processed 
statistically . The significance of differences between the substitution lines and the Cappclle-Dcsprez 
variety were calculatcd using Tukey's interv als of credibility 
Results and discussion 
The mechanical properties of culms and roots depend on many simple 
features - morphological, anatomical, physiological and chemical. The resistance 
of plants to lodging is determined by a combination of these features although 
each can be compensated, to a degree, by the others. 
In the present study the authors analysed selected mechanical properties 
determining plant lodging, and the related morphological features of culms of 
substitution lines and of the parental varieties. The results are presented in Tables 
1 and 2. 
According to many authors, cereal varieties resistant to lodging show a 
greater resistance to external force. Therefore, measurements of the force 
required to bend or to break a culm or its sections determines their resistance to 
lodging (Holienka and Hruska, 1962; Strucovskaja, 1968; Szot and Skubisz, 
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1979; Dolinski, 1995). Culms of varieties resistant to lodging bend less easily 
than those of susceptible varieties (Holienka and Hruska, 1962; Dolinski and 
Tarkowski, 1988; Dolinski et al., 1992; Dolinski, 1995). Dolinski (1995) found 
that the heritability of this mechanical property varies, in wheat, from 30.8 to 
63.2%, indicating the possibility of efficient selection. In the available literature 
on (lie subject no studies were found localizing genes determining the force 
required to bend or to break a culm. 
In the present study the average values of the force required to deflect 
stalks by 45° from the vertical varied from 0.1219 to 0.2679 N (Table 1). The 
substitution of chromosome pairs of the variety Bezostaya into Cappelle-Desprez 
resulted in a decrease in the level of this mechanical property of the culm. All the 
substitution lines, with the exception of 7A, were significantly inferior to 
Cappelle-Desprez with respect to the culm bending force. Line 7A did not differ 
from Cappelle-Desprez. 
Rigidity is also an important mechanical property of culms. Measurements 
of the bending force may not be sufficient for the isolation of genotypes resistant 
to lodging, as the effects of additional loads depend also on the manner in which 
the stem bends. In studies on oats and barley (Grafius. 1958) and on wheat 
(Roman, 1959). stems of varieties susceptible to lodging bent at their base, while 
those of varieties resistant and medium-susceptible to lodging bent over the 
whole length or in the upper part. In cereals, the manner of culm bending 
depends on such mechanical properties as rigidity and elasticity. The stem 
rigidity is defined as its resistance to bending or breaking. The elasticity of the 
culm is its ability to return to the original position after bending (Kaczorowski, 
1970; Szot and Skubisz, 1979). A short, rigid stem is considered to be an 
important ideotype of intensive wheat varieties (e. g. Donald, 1968; 
Mazurkiewicz, 1975; Pala, 1974). In numerous studies on wheat (Skubisz, 1982; 
Dolinski et al., 1992; Dolinski, 1995) varieties more resistant to lodging had 
stems more rigid than varieties susceptible and medium-resistant to lodging. In 
the study by Dolinski (1995), the heritability of this mechanical property for F2 
hybrids of wheat varied from 32.9 to 66.2%. 
In the studies under discussion, the bending rigidity of the culm, calculated 
by means of formulae given by Szot and Skubisz (1979), was similar for the two 
parental varieties of wheat. All the substitution lines with the exception of 2A 
were characterized by significantly lower stem rigidity than Cappelle-Desprez. 
Line 2A did not differ from this variety (Table 1). 
The mechanical properties of the culm depend on its geometric features 
(length, outer diameter, wall thickness) and on the mechanical properties of its 
tissues. In the process of stem bending, its tissues are subjected to compression 
and tearing. In physics, the parameter determining the resistance of a material to 
compression and tearing is the coefficient of elasticity (Young's modulus). The 
material of the culm is not homogeneous, and therefore in our studies the 
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Table 1 
Mechanical properties of the stem and its tissues. 
Substitution lines Stem bending Stem Elasticity Ultrasonic 
and force rigidity coefficient velocity 
parent cultivars (N) (N x mm2) (N/mnr) (m/sec) 
1A 0.1335*- 14251*- 2537*- 4845 
IB 0.1557*- 15354*- 1979*- 4748*-
ID 0.1592*- 18407*- 2734*- 4764*-
2A 0.1902*- 23828 3539*- 4768*-
2B 0.1420*- 17506*- 2933*- 4760*-
2D 0.1365*- 15363*- 2159*- 4745*-
ЗА 
0.2059*- 22515*- 3795 4788*-
3B 0.1219*- 15335*- 2871*- 4896*-
3D 0.1889*- 24169 4253 4756*-
4A 0.1917*- 17838*- 3188*- 4736*-
4B 0.1392*- 13006*- 2104*- 4843 
4D 0.2038*- 18955*- 3081*- 4869 
5A 0.1438*- 19010*- 3677 4895*+ 
5BL-7BL 0.1886*- 19858*- 3284*- 4950*+ 
5BS-7BS 0.2059*- 18681*- 2677*- 4750*-
5D 0.1827*- 19633*- 3159*- 4677*-
6A 0.1951*- 21055*- 3161*- 4633*-
6B 0.2075*- 20372*- 2928*- 4825 
6D 0.1742*- 16585*- 2287*- 4753*-
7A 0.2197 3357*- 4808*-
7D 0.1702*- 16753*- T7SS*— 4717*-
Cappelle-Desprez 0.2324 25409 3948 4852 
Bezostava 0.2679*+ 27410 4588*+ 4968*+ 
LSD for p=0.05 0.0235 2639 365 41 
Significant deviations from Cappelle-Desprez in the plus *+ 
and in the minus *- directions, respectively 
modulus determines the average elastic properties of the tissues. In a study by 
Jezowski (1981) on spring bailey, the resistance to lodging increased with 
increasing modulus of elasticity. However, no such relation was observed in 
studies on wheat (Skubisz, 1982; Dolinski. 1995). The heritability of the average 
elasticity of tissues in the study on wheat (Dolinski, 1995) varied from 32.6 to 
60.7%. 
The variety Cappelle-Desprez was characterized by significantly lower 
tissue elasticity than Bezostava (Table 1). Substitution lines 5A and ЗА did not 
differ significantly from Cappelle-Desprez. In all the other lines the average 
elasticity of the stem tissues was significantly lower 
Al-Qaudhy et al. (1988) analysed, in reciprocal substitution lines, certain 
mechanical properties and morphological features of wheat culms. 
Chromosomes from the variety Wichita were substituted into Cheyenne, and vice 
versa. The substitution of chromosomes 6A, 3B and 6D of Cheyenne into 
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Wichita resulted in a significant increase in the strength of the stem tissues. In the 
case of the reverse substitution, significantly higher strength characterized lines 
ЗА and 3D. The results are ascribed by the authors to the interaction of the 
substituted chromosomes and the different genetic backgrounds. 
The average elasticity of the culm tissues depends mainly on the 
mechanical tissue, the sclerenchyma. The important aspects in this respect ar e the 
following: its quantity, quality, and distribution among the other tissues 
(Holienka and Hruska, 1962; Strucovskaja. 1968; Gobo et al., 1971). According 
to Gawda and Haman (1983) and Gavvda (1993). the quality of the sclerenchyma 
can be assessed by means of an ultrasonic method which is based on the 
relationship between the wave propagation velocity and the elasticity of the 
medium. However, in a study carried out on varieties of wheat no distinct 
relationships were observed between the ultrasonic wave propagation velocity 
within the sclerenchyma and the resistance of the wheats to lodging (Doliriski. 
1995). In this cereal Doliriski (1995) suggests that differences in the quantity of 
the mechanical tissue are more important than differences in its elasticity. The 
heritability of sclerenchyma elasticity as assessed using the ultrasonic method 
varied from 24.0 to 64.0%. 
In the present study, the velocity of ultrasonic wave propagation in the 
mechanical tissue was significantly greater in Bezostaya than in Cappelle-
Desprez (Table 1). Substitution lines IB, ID, 2A, 2B. 2D, ЗА, 3B, 3D, 4A, 5D, 
6A, 6D, 7A and 7D, were significantly poorer than Cappelle-Desprez with 
respect to the elasticity of the sclerenchyma. On the other hand, substitution lines 
5A and 5BL-7BL were characterized by a higher elasticity of the mechanical 
tissue than thet variety. 
Among the geometric features of the culm, the strongest effect on its 
mechanical properties is exerted by its length. Stem length determines the v alue 
of the bending resulting from the weight of the ear and from the effect of the 
wind. The bending, in tum, determines the levels of stress generated in the lower 
internodes and the force transmitted onto the roots. Breeders tend to shorten the 
stems of cereals as this improves their resistance to lodging and increases yields 
(Pala, 1974; Mazurkiewicz, 1975). Studies on isogenic lines f o r a range of height 
reducing genes suggest height of wheat plants could he reduced to around 35 cms 
but that optimal heights for maximum yield are around 75 cms (Fritham et al., 
1996). The genetic control of final plant height is very complex, being 
determined by interactions between many genes with large or small effects (Gale 
and Youssefian 1985). 
In the present study, the variety Cappelle-Desprez had stems significantly 
longer than those of Bezostaya (Table 2). The substitution lines ID, 2A, 2B, ЗА, 
3B and 5A were characterized by stein length greater than that of Cappelle-
Desprez. The lines 3D. 4A. 4B, 4D, 5BS-7BS, 6B, 6D. 7A and 7D had stems 
significantly shorter; the other substitution lines did not differ in this respect from 
Cappelle-Desprez. 
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Table 2 
Biometrical traits of the shoot 
Substitution lines 
and 
parental cultivars 
Culm 
lenght 
(cm) 
Peduncle 
(cm) 
Second 
intemode 
length 
(cm) 
Average 
culm 
outer 
diameter 
(mm) 
Second 
internode 
outer 
diameter 
(mm) 
Culm 
wall 
thickness 
(mm) 
Shoot 
mass (g) 
1A 79.5 34 5 7.1 3.29 3.59 0.947*- 4.58*-
IB 78.5 33.5 7.5 3.57*+ 3.85*+ 1 085 4.88 
ID 83.8*+ 38.7*+ 7.2 3.47 3.77 0.895*- 4.80*-
2A 85.3*+ 35.6 8.6*+ 3.44 3.89*+ 0.911*- 5.00 
2B 84.7*+ 37.2*+ 8.0 3.34 3.70 0.928*- 4.70*-
2D 81.6 35.0 8.1*+ 3.48 3.73 1.002 4.70*-
ЗА 
83.8*+ 33.2*- 9.5*+ 3.40 3.69 1.056 5.24 
3B 86.8*+ 39.1*+ 6.9 3.68*+ 3.83*+ 0.406*- 4.36*-
3D 77.0*- 33.5 7.3 3.39 3 61 1.003 4 51*-
4A 73.0*- 34.4 5.5*- 3.29 3.38*- 1.015 4.66*-
4B 76.3*- 35.5 5.8*- 3.40 3.56*- 0.884*- 4.61*-
4D 73.7*- 33.7 6.6 3.34 3.66 1.059 4.76*-
5 A 87.3*+ 38.2*+ 7.7 3.20*- 3.54*- 0.950*- 4 91 
5BL-7BL 79.3 38.6*+ 5.3*- 3.32 3.49*- 1.031 4 29*-
5BS-7BS 77.5*- 38.1*+ 5.3*- 3.43 3.60 1 167*+ 4.80*-
5D 80.2 35.0 7.8 3.35 3.61 1.077 5 11 
6A 78.0 34.0 7.1 3.40 3.69 1.021 4.93 
6B 77.7*- 35.0 6.3*- 3.47 3.70 1.034 4.92 
6D 75.9*- 35.9 5.3*- 3.50*+ 3.85*+ 0.977*- 4.81*-
7A 77.4*- 33.3*- 7.0 3.41 3.73 0.922*- 4.78*-
7D 77.1*- 34.5 6.6 3.33 3.60 1.045 4.86 
Cappelle-Desprez 79.8 34.9 7.2 3.39 3 69 1.03b 5.17 
Bezostava 77.8*- 39.2*+ 5.5*- 3.75*+ 3.78 0.401* 4.23*-
LSD for p=0 05 1.9 1.4 0.8 0.10 0.12 0.051 0.34 
Significant deviations from Cappclic-Desprc/. in the plus *+ and in the minus *- directions, 
respectively 
Law et al. (1992) analysed the length of the main stems in Cappelle-
Desprez/Bezostaya substitution lines. They found that lines 1 B. 2D, 6D and 5BS-
7BS were significantly shorter than those of Cappelle-Desprez. while lines 3B. 
5 A and 5D were significantly taller. 
Another important geometric feature of the culm is the length of the 
successive intemodes. In numerous studies, vaneties of wheat and other cereals 
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resistant to lodging had shorter and thicker lower internodes, those closer to the 
ear being longer and thinner (Stanca et al., 1979; Jezowski et al., 1988). 
The parent varieties of the substitution lines in the present study differed in 
the length of their successive internodes. From the viewpoint of resistance to 
lodging, the division of the stem into internodes was more favourable in the 
variety Bezostaya than in Cappelle-Desprez. The top intemode of Bezostaya was 
significantly longer than that of Cappelle-Desprez, while the second intemode 
from the bottom was in that variety significantly shorter (Table 2). Substitution 
lines ID, 2B, 5A. 5BL-7BL and 5BS-7BS had top internodes significantly longer 
than those of Cappelle-Desprez, while the substitution of chromosomes ЗА and 
7A from Bezostaya into Cappelle-Desprez resulted in a shortening of the top 
intemode. Lines 2A, 2D and ЗА formed significantly longer internodes second 
from the bottom, while in lines 4A, 4B, 5BS-7BS, 6B and 6D those internodes 
were shorter than those of Cappelle-Desprez. 
In the study by Al-Qaudhy et al. (1988). the substitution of chromosomes 
2D, 3D and 5D from the wheat variety Cheyenne into Wichita resulted in a 
significant shortening of the bottom-most intemode. With the reverse 
substitution, changes in that intemode were insignificant in all the lines. 
The mechanical properties of the stem aie also strongly affected by such 
geometric features as the outer diameter and the wall thickness. The values of 
these features determine the value of the geometric moment of inertia, a 
parameter contributing to the bending rigidity of the stem (Szot and Skubisz, 
1979; Skubisz, 1982). Of the two, the outer diameter is the more important. The 
moment of inertia increases with the third power of the outer diameter, which 
gives an eight-fold increase in the moment of inertia, and therefore in the stem 
rigidity , with a two-fold increase in the outer diameter of the stem (Norden and 
Frey. 1959; Bchamonchant and Patterson. 1964). Also highly important is the 
rate at which the stem diameter changes along its length. The most favourable 
situation is when the diameter decreases gradually from the bottom intemode 
towards the ear. According to Grafius and Brown (1954) and Roman (1959), 
under the effect of wind and rain the stems of such varieties,- bend at the upper 
part of the stem or over the whole length, and do not transmit the loads onto the 
roots. In the study by Dolitiski (1995), the heritability of the average outer 
diameter of the stems o f f ; hybrids of wheat varied from 25.8 to 48.4%, and that 
of the diameter of the intemode second from the bottom from 18.4 to 38.6%. 
In the present study, the variety Bezostaya was characterized by 
significantly greater average outer diameter of the stem than Cappelle-Desprez 
(Table 2). while differences in diameter measured in the second intemode were 
insignificant. The substitution of chromosomes IB, 3B and 6D from Bezostaya 
into Cappelle-Desprez resulted in a significant increase in the average outer 
diameter of the stem, whilst the effect of the substitution of chromosome 5A 
caused a decrease in that parameter. Substitution lines IB. 2A. 3B and 6D were 
characterized by a greater outer diameter of the second intemode in comparison 
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with Cappelle-Desprez, while the diameter of this internode in lines 4A, 4B, 5A 
and 5BL-7BL was significantly smaller. 
Al-Qaudhy et al. (1988) observed a negative effect of the substitution of 
chromosome 3D from Cheyenne into Wichita, and of chromosomes 3B and 3D 
from Wichita into Cheyenne, on the diameter of the first internode. 
In numerous studies carried out on common wheat, var ieties resistant to 
lodging have shown thicker stem walls than susceptible varieties (Roman. 1959; 
Strucovskaja, 1968). Anatomical studies showed that in the case of wheat thicker 
walls are fairly often associated with a thicker layer of sclerenchyma and a 
greater number of conducting bundles (Strucovskaja, 1968; Wqs, 1970; Gobo et 
al., 1971). The hentabihty of the average stem wall thickness varied from 10.2 to 
71.4% in the study on wheat (Dolinski. 1995). 
In the present study, the average thickness of the stem wall in Cappelle-
Desprez was over twice the value of Bezostaya. which was related to the lower 
and upper intemodes being partially filled with parenchyma. Substitution lines 
1A, ID, 2A, 2B, 3B, 4B, 5A, 6D and 7A had walls significantly thinner than 
those of Cappelle-Desprez, while in line 5BS-7BS the stem wall thickness was 
significantly greater. The remaining lines did not differ significantly from 
Cappelle-Desprez. 
In the study by Al-Qaudhy et al. (1988), the substitution of chromosomes 
oA, 3B and 4D from Cheyenne into Wichita resulted in a significant increase in 
the stem wall thickness, Fhe substitution of chromosome 3D from Wichita to 
Cheyenne brought about an opposite effect. 
Studies on various cereal species (Strucovskaja, 1968; Kiselev, 1989) have 
shown that genotypes susceptible to lodging frequently form taller and heavier 
stems than do varieties resistant to lodging. 
In this study, the total weight of an average productive stem was 
significantly greater in the case of Cappelle-Desprez than in the case of 
Bezostaya (Table 2). The substitution of chromosomes 1 A, 1 D. 2B, 2D, 3B. 3D. 
4A, 4B, 4Ü, 5BL-7BL, 5BS-7BS. 6 A and 7A from Bezostaya into Cappelle-
Desprez resulted in a decrease in the weight of the productive stem. 
The results obtained support earlier opinions that the determination of 
many quantitative features, including also the mechanical properties and the 
geometric features of the stem, are under polygenic control, making selection for 
improvement of these characters difficult. 
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PERFORMANCE OF VARIOUS CEREAL VARIETIES 
ON ACIDIC BROWN FOREST SOIL 
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MARTONVÁSÁR, HUNGARY 
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A decrease in the soil pH can be observed on ever greater areas in Hungary This 
unfavourable process has been substantially accclcratcd in recent decades by acid deposition 
and by irrational fertiliser use. The acidification of the soil can be prevented or (at least) 
moderated by agrotechntcal and ameliorative measures, but crop production risks can also 
be reduced through the cultivation of tolerant plant species and varieties in endangered 
areas 
Using various cereal species and their varieties a three-year series of experiments was 
set up in North East Hungary on an acidic non-calcareous, brovvn forest soil with clay 
tlluviation in order to study differences in the adaptability of different cereals to acidic soil 
conditions. Four wheat varieties, one rye and one triticale were included in the experiment 
The genotypes were studied at four nutrient supply levels. 
The results lead to the conclusion that in areas with poor growing conditions, where 
low soil pH is a decisive factor, triticale is a promising crop, alongside rye and semi-
intensivc wheat v arieties. The greater yield potential of intensive wheats is not manifested 
compared to semi-intensive vanetics; the extensive wheat type Bánkúti 1201. however, is 
not competitive on acidic soils, because it was not selected for this abiotic stress factor when 
it w as bred. 70 years ago. 
Key words: wheat, rye. triticale. genotypes, acidic soil, fertilisation, yield 
Introduction 
The acidification of the soil has been one of the most menacing problems 
in environmental protection over the last few decades. The decrease in the pH of 
the soil can be attributed partly to natural processes and partly to the effect of 
human intervention (Várallyay et al., 1986; Várallyay, 1989), the most important 
factors of which are fertilisation and acid deposition (Stefanovits, 1986; 
Krisztián and Kadlicskó, 1992). If the pH drops to below 5, free Al ions appear 
in the soil solution (Rózsavölgyi, 1989) and in some areas the aluminium toxicity 
arising due to this process may limit the cultivation of cereals. 
Species related to wheat (Triticum aestivum) exhibit different responses to 
this environmental stress factor. According to Sloottnaker (1974) the aluminium 
tolerance of hexaploid species (2n=42) exceeds that of diploid species containing 
only AA genomes (7'. boeoticum and T. monococcum) and of tetraploid species 
with an А АНН genome composition (T. turgidum and T. dicoccum). The 
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conclusion drawn from this is that the higher level of tolerance is due to the 
presence of the D genome. 
The aluminium tolerance of varieties belonging to the Triticum aestivum 
species also exhibits considerable variability (Mesdag and Slootmaker. 1969; 
Lafever et al., 1977; Bona et al., 1992) and the trait is in close correlation with 
the geographical origin of the var ieties (Foy et al., 1974). Spring varieties bred in 
Brazil have an especially high level of aluminium tolerance. Using these varieties 
as a source, genotypes with a tolerance level significantly higher than that of the 
local varieties can be developed under varying ecological conditions. An 
excellent example of this is Atlas 66, bred in the USA, or the Rumanian variety 
Albota 69 (Ittu and Saulescu, 1988). In addition to the utilisation of exotic 
sources, the resistance of the genotypes can also be increased by accumulating 
minor genes regulating AF tolerance (Bedö et al., 1992). 
The R genome of cultivated rye (Secale cereaie) ensures a very high level 
of tolerance on acidic soils, as manifested in triticale varieties (Slootmaker. 
1974). According to Royo et al. (1993) the adaptability of octoploid triticales, 
containing both the I) and the R genome, to acidic soils is greater than that of 
hexaploid genotypes, which again confirms the role of the D genome in 
increasing adaptability 
Two possibilities suggest themselves for the solution of the soil 
acidification problem. One is to prevent or reduce the acidification of agricultural 
and forest soils by means of appropriate agrotechnical and ameliorative measures 
(Bocz, 1989; Stefanovits, 1986; Várallvay, 1993), the other is to sow cereal 
species or varieties better adapted to low pH to reduce the risk to crop production 
on areas susceptible to acidification. 
In the present experiment the yield potential of various cereal species, 
common wheat, rye and triticale, and of various varieties of common wheat, was 
studied on sites where soil acidity is increasing, at different nutrient supply 
levels. The aim of the experiment was to study differences in the adaptability of 
these genotypes to such unfavourable cultivation conditions. 
Materials and methods 
The yield potential of different cereal species and varieties was examined in a low pH 
environment in a three-year scries of experiments set up at the Expérimentai Station of Gödöllő 
University of Agricultural Sciences, in Putnok (Table 1 ). The following varieties were included in 
the experiment: Kisvárdai 1 (winter rye). Presto (winter triticale). Bánkúti 1201. Bezostaya I. 
Yubileinaya 50. Martonvásári 15 (winter wheat). 
The soil of the experimental field was a non-calcareous, brown forest soil with clay 
illuviation (sol brun lessive), having the following parameters: mean pH(K.Cl) 4.95. soil plasticity 
according to Arany (KA) 46. PAY content 37 ppm and K20 content 272 ppm. In the three factor 
split-plot experiment, with four replications, the responses of the listed varieties were studied ai four 
levels of nutrient supply The treatments applied m the nutrient supply blocks were: 
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1. untreated control 
2. 80 kg/ha nitrogen active agent (ammonium nitrate. 28 %) 
3. 80 kg/ha nitrogen + 60 kg/ha phosphorus active agent 
4 60 kg/ha phosphorus active agent (superphosphate, 34 %). 
The phosphorus fertiliser was distributed prior to sowing and the nitrogen fertiliser in 
spring, during the second half of March. 
The results were evaluated according to Sváb ( 1981 ) using variance analysis, taking into 
account the rules governing multifactorial experimental series 
Results 
ITie rye variety included in the experiment, Kisvárdai 1, is adapted to the 
Noith Eastern region of Hungary, while the tritieale, Presto, is of Poiish origin. 
Of the four wheat varieties, Bánkúti 1201 is a representative of the old traditional 
Hungarian varieties and arose from a cross between Bánkúti 5 and Marquis. 
Be/ostaya 1 is a Russian wheat variety with excellent adaptability, which played 
an important role in Hungarian wheat production 25-35 years ago. Yubileinaya 
50 is a more up-to-date variety than Bezostaya 1, being a derivative of 
Mironovskaya 808 and Bezostaya I. and forms a transition towards the modem 
wheat type, represented in the experiments by Martonvásári 15, the pedigree of 
which includes both Kavkaz. bearing the 1B/1R rye translocation, and 
Mironovskaya 808. These wheat varieties comprise the most widespread varieties 
characteristic of some 60 years of Hungarian wheat production. 
A three-year series of experiments was set up in Putnok, at the 
Experimental Station of the Rudolf Fleischmann Research Institute of Gödöllő 
University of Agricultural Sciences between 1992 and 1994 to study adaptability 
and tolerance to low pH soils. The results of variance analysis are included in 
Table 1. from which it can be seen that the year had a decisive effect, but that the 
v ariety and the fertiliser treatment also proved significant, in decreasing order, at 
Table I 
Analy sis of v ariance of the experiment (Putnok. 1992- 1994) 
Factor Degrees of freedom MSQ F value 
Total 71 435.26 
Year 2 403.30 1200.05*** 
Fertiliser 3 7.14 21 24*** 
Fertiliser * year 6 2.53 7 52*** 
Variety 5 17.80 52.95*** 
Variety * year 10 3.60 10.72*** 
Fertiliser X variety 15 0.41 1.21 
Fertiliser x variety v y ear 30 0.48 1.43 
Error 180 0.34 
Note: *** = F value significant al the p=() 001 level 
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Table 2 
Effect of fertiliser treatment on the vield potential of cereals in a low pH environment 
(Putnok. 1992-1994) 
Fertiliser treatment Grain yield (kg/ha) 
1992 1993 1994 Mean 
Nitrogen (80 kg) 6093 2130 5883 4702 
Nitrogen + phosphorus (80+60 kg) 5835 2248 6067 4717 
Phosphorus (60 kg) 5398 2042 5685 4375 
Untreated control 5535 1966 4658 4053 
Mean 5715 2096 5573 
LSDv>„ (between any two combinations): 330 kg/ha 
(between years): 165 kg/ha 
(between fertiliser treatments): 191 kg/ha 
the p=0.001 level. Of the interactions, the variety x year and fertiliser x year 
exhibited significant differences. 
A comparison of the mean values for fertilisation (Table 2) shows that the 
nitrogen effect was decisive on the basis of three-year mean data. The yields of 
plots treated with nitrogen or with nitrogen and phosphorus was significantly 
greater than that of plots treated only with phosphorus, while the difference was 
even greater compared with the yields of untreated control plots. It is worth 
noting that there was a significant difference between the treatments in 1993 at 
low yield level, while no difference was observed between the phosphorus 
treatment and the nitrogen variant in 1994. At the same time the effect of the year 
can be regarded as substantial due to the low yield level in the second year of the 
experiment. 
The yield potential of the cereal varieties in the various fertiliser treatments 
is summarised in Table 3 over the average of three years. On average the grain 
yield of the rye variety Kisvárdai 1 did not differ from that of Bezostaya 1 or 
Martonvásári 15. In treaPnents containing phosphorus fertiliser these wheat 
varieties yielded more than rye in the majority of cases, though these differences 
were only a tendency. As was obvious from the results of variance analysis, the 
fertiliser * variety interaction was not significant; the genotypes tested gave 
similar responses to artificial nutrient replacement. 
A comparison of the yields of the different varieties indicates that in a low 
pH environment the triticale. Presto, had significantly better yield potential that 
the rye, Kisvárdai 1, or the four wheat varieties. The intensive wheat type 
Martonvásári 15 was only capable of achieving the yield level of the semi-
intensive Bezostaya 1, Yubileinaya 50 or even Kisvárdai 1. Apait from the 
triticale, Presto, only Yubileinaya 50 yielded significantly more than the rye, 
Kisvárdai 1. 
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Table 3 
Effect of fertiliser treatment on the yield potential of various cereal varieties in a low pH 
environment (Putnok, 1992-1994) 
Variety (species) Grain yield (kg/ha) 
N N + P P Check Mean 
Kisvárdai 1 (rve) 4853 4559 4228 4138 4445 
Presto (triticale) 5520 5448 5177 4496 5160 
Bankúti 1201 (wheat) 3295 3405 3504 3144 3337 
Bezostava 1 (wheat) 4887 4867 4227 4108 4522 
Yubileinava 50 (wheat) 4870 5117 4677 4388 4763 
Martonvásári 15 (wheat) 4787 4906 4439 4042 4544 
LSD*»,, (between variety means): 234 kg/ha 
The yield potential of Yubileinaya 50 was greater at the 95 % probability 
level than that of Bezostaya 1. The yield of the extensive type, Bánkúti 1201, 
was significantly lower than that of the other genotypes examined. 
The yield potential of the varieties tested was greatly influenced by the 
very substantial year effect (Table 4). Nevertheless, a number of instructive 
conclusions can be drawn from the results. In 1992, the year giving the greatest 
yields, the yield potential of the triticale, Presto, was outstandingly high. In the 
following year, which had a low yield level, no significant differences were 
observed between the varieties, with the exception of Bánkúti 1201. The 
extremely hot, drought-stricken weather in 1994 led to a reduction in the yield of 
lye. kisvárdai I. which had a yield potential significantly lower than that of 
Bezostaya 1. Yubileinaya 50, Martonvásári 15 and Presto. The yield of Bánkúti 1 
was significantly lower than that of the other genotypes in all three years. 
Table 4 
Annual \icld potential of the cereal v arieties tcslcd in a low pH env ironment 
(Pulnok. 1992-1994) 
Varicly (species) Grain yield (kg/ha) 
1992 1993 1994 Mean 
Prcslo (inticalc) 6748 2245 6488 5160 
Yubileinava 50 (wheat) 5994 2123 6172 4763 
Martonvásári 15 (wheal) 5457 2101 6072 4544 
Bezostava 1 (wheat) 5490 •mq 5853 4522 
Kisvárdai 1 <r\c) 6062 2338 4934 4445 
Bánkúti 1201 (wheat) 4542 1547 3922 3337 
LSDv>„ (between am two combinations): 404 kg/ha 
(between means): 234 kg/ha 
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Table 5 
Aluminium tolerance of different varieties in the seedling stage* (Bcdő et al.. 1992) 
Variety Root length increase (mm) 
12,5 ppm 25 ppm 
Kisvárdai 1 
Presto 
Bánkúti 1201 
Bezostava 1 
Yubileinaya 50 
Martonvásári 15 
NS ** 
NS 
0.8 
12.4 
16 .2 
12.8 
Note; *Method described by Cesati et al (1988) involving an improvement 
in the staining technique of Polle et al. (1978) 
** NS = not stained 
The extensive wheat type Bánkúti 1201 is not competitive on acidic soil, 
which can probably be attributed to the low aluminium tolerance of the variety 
(Table 5, Bedö et al.. 1992). 
On the basis of earlier experimental results. Bánkúti 1201, a variety with 
broad adaptability which played an important part in the wheat production of 
Hungary and the neighbouring countries for a period of around 40 years, was 
unable to profit from the advantages of its extensive type under the unfavourable 
environmental conditions found on low pH soils, since there was no need for 
selection against this abiotic stress factor when it was bred 70 years ago At the 
same time, the results suggest that Bezostaya 1 and Yubileinaya 50 possess some 
degree of tolerance to low pH. The importance of this trait is increasing even in 
regions where the registered pH-decrease of soils is not critical at this moment 
for wheat, but the soil is susceptible to acidification and the forecasted increase 
in acid loads (e.g. atmospheric deposition, etc.) may rapidly lead to increasing 
soil acidification. In Hungary there are large areas of this character, including 
traditional wheat growing areas (Várallyay et al.. 1986) 
The results of the three-year series of field experiments demonstrate that in 
areas with less favourable growing conditions, where one of the deciding factors 
is low soil pH, the cultivation of tnticale is worth considering, besides that of rye 
and semi-intensive wheat varieties. The greater yield potential of intensive wheat 
compared to semi-intensive types is not attained under diese conditions, and only 
in a favourable year did it yield more than the rye variety, which has lower yield 
potential. 
All the forms of fertilisation examined were efficient in improving yield 
potential. The greatest yield surpluses could be achieved with nitrogen or 
Discussion 
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nitrogen + phosphorus treatments, though the significant increase due to 
phosphorus treatment compared with the untreated control indicates that on 
acidic soils with poor nutrient-supplying capacity, where the phosphate ions may 
be bound on the surface of iron and aluminium hydroxides, clay minerals or 
humus (Stefanovits, 1981), the replacement of this nutrient is also necessary if a 
satisfactory yield level is to be achieved. 
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WEED CONTROL AND NITROGEN APPLICATION EFFECTS 
ON YIELD AND QUALITY OF IRRIGATED COTTON 
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Two field experiments were carried out during the 1988 and 1989 seasons to study the 
y ield, agronomic and quality characteristics of cotton as influenced by nitrogen fertilizer and 
weed control. Each experiment included combinations of three nitrogen levels (48. 96 and 
144 kg N/ha) and six weed control treatments (Cotoran/Fusilade, Cotoran/Flex, 
Cotoran/Stonip. Cotoran multi. hand weeding and control) The experiments were carried 
out in a split plot design with nitrogen as main plots and weed control as subplots. 
Increasing the nitrogen doses up to 144 kg N/ha significantly increased the seed yield of 
cotton. 
Some agronomic traits, i.e. number of open bolls/plant, plant height and seed index, 
were significantly increased as nitrogen fertilization increased. 
Weed control treatments were efficient in increasing the productivity of seed cotton 
y ield. Cotoran/Stomp and Cotoran/Fusilade were more efficient in controlling weeds and 
enhancing the seed yield of cotton. Most oil and fibre quality traits were not affected 
negatively by weed control treatments and were even enhanced in some cases. 
The use of 144 kg N/ha and the application of Cotoran/Stomp or Cotoran/Fusilade 
combinations can be recommended in cotton production 
Key words: Gossypium barbadense L., Fluomcturon. herbicide, oil %, free fatty 
acids, fibre quality 
Introduction 
Nitrogen fertilization and weed control have become the subject of 
intensive study in Egypt during the last decade, as efficient agronomic practices 
that increase cotton productivity. 
Cotton proved to be significantly responsive to nitrogen fertilizer. 
Generally, a suitable amount of nitrogen fertilization causes stimulation in 
vegetative growth, yield and yield components in cotton (Mohamed et al., 1984; 
Sawan, 1986; Aly et al., 1986; Singh et al., 1988; Singh and Verma, 1989; 
Abou-Zaid, 1991). 
Abou-Zaid (1991) reported that the seed yield of cotton increased as 
nitrogen fertilization was increased up to 216 kg N/ha. However, El-Halawany 
and Azab (1989) and Yasseen et al., (1990) reported that increasing nitrogen 
fertilization from 144 to 216 kg/ha did not increase the seed yield/ha or most 
other traits except plant height. Also, Abd El-Aal et al. (1990) reported that 
increasing nitrogen fertilization to 144 kg N/ha had no effect on seed cotton 
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yield/plant, number of fruiting branches/plant, lint percentage or seed index, 
while 180 kg N/ha increased the number of bolls/plant and seed yield/ha. 
The application of nitrogen fertilization in cotton improved the fibre 
quality of cotton in several cases (Nasrallah and El-Banna, 1986; Abou-Zaid, 
1991). 
With regard to weed control, there is no doubt that weeds compete with 
cotton and other field crops for light, water and soil nutrients (Klingman and 
Ashton, 1982) and hence have a very deleterious effect on plant productivity. It 
was reported that the crop-weed competition period is 20-60 days after sowing 
(Shelke and Bhosle, 1990). 
Egyptian farmers used to control weeds through cultivation, but the 
cultivation of cotton needs intensive labour which is nowadays very expensive 
The application of suitable chemical weed control proved to be efficient 
(Zahran et al., 1968; Assey and Moshtohry, 1979; Baker, 1982). Fluometuron, a 
urea selective herbicide, has been extensively used to control broad-leaf weeds 
and some grasses (Zahran et al., 1968; El-Deeb et al., 1984; Shalaby et al., 
1987). Other selective herbicides, such as Fusilade and Pendimethalin, aie 
effective in controlling grasses (Shalaby et al., 1987). However, combinations of 
two herbicides are more efficient in controlling a wide spectrum of weeds. It was 
reported by Singh and Venna (1988) and Shalaby et al. (1988) that the 
application of Fluometuron/Pendimethalin caused the highest seed yield among 
the treatments. 
Conclusive evidence has been reported that the application of weed control 
in cotton, including herbicidal treatments, had no adverse effects on cotton fibre 
quality (El-Deen, 1982). 
The present paper reports the results obtained from field experiments 
designed to study the efficiency of some weed control treatments along with 
studying the response of cotton to nitrogen fertilization. 
Materials and methods 
Two experiments were conducted at the University of Alexandria Experiment Station at 
Alexandria during the 1988 and 1989 summer seasons on sandy loam soil The soil was 39.7% 
sand. 18.2% sill and 42.1% clay The objective of the work was to study the effect of nitrogen 
fertilizer and weed control on the seed yield and other traits of the cotton plant 
The experimental design used was a split plot with nitrogen fertilization as main plots and 
weed control as subplots, with four replicates 
The plot area was 21 m2 (7 rows; 5 m long and 0.6 m apart) Three nitrogen levels were 
used, i.e. 48,96 and 144 kg N/ha Six weed control treatments were used as follows: 
1 Fluometuron/Fluazifop-butyl: (Cotoran/Fusilade) 
2. Fluometuron/Fomesafen: (Cotoran/Flex) 
3. Fluometuron/Pendimethalin: (Cotoran/Stomp) 
4. Fluometuron/Metolachlor (Cotoran multi) 
5. Hand weeding (On 3 occasions) 
6. Control (w ith no herbicide or hand weeding). 
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The herbicide rates and times of application were as follows: 
1. Fluomcturon 80% WP (Cotoran): l,l-Dimethyl-3-(a,a,a-lrifluoro-m-tolyl) urea. The herbicide 
is selective and was applied pre-emcrgcnce at a rate of 3 kg/ha. 
2. Fluazifop-butyl 25% EC (Fusiladc) Butyl 2-(4-{5-trifluoromethyT-2-pyridyloxy}phcnoxy) 
propionate The herbicide is selective and was applied post-emergence at the 2-4 leaf stage of 
the weed grasses at a rate of 2.4 L/ha. 
3. Fomesafen 50% EC (Flex): 5-(2-chloro-4-{trifluoromethyl}phenoxy)-N-(methyl-sulphonyl)-2-
nitrobcn/amide Applied as a post-emergent broadcast application when the weeds are 5-10 cm 
in height 
4 Pcndimcthalin 50% EC (Stomp). N-(l-cthylpropyl)-3.4-dimcth\T-2,6-dimtroben/enaminc The 
herbicide was applied pre-cmergcncc at a rate of 4.08 kg/ha. 
5. Mctolachlor 250 g a.i. (Duale): 2-chloro-N-(2-ethyl-6-methyl/phenyl)-N-(2-methoxy-l-
methy l/cthy 1) acetamide 
Cotoran multi is a ready prepared mixture of fluomcturon and metolachlor (250 g a.i.) 
applied prccmergcnce at a rate of 6 kg/ha 
The cotton (Gossypium barhadense L.) cultivar Giza 76 was used 
The cotton seeds were planted in rows. 60 cm apart, in hills spaced 20 cm apart Thinning 
was carried out four weeks after planting, leaving 2 plants per hill. The herbicides were applied 
using a 20-litre CP3 Knapsack Sprayer, with a red fan type nozzle 
The nitrogen fertilizer was applied after thinning Other agronomic practices were applied 
as rccommcndcd in the Alexandria area To evaluate weed control efficiency, weeds were collected 
from 3 nf (0.6 x 5 m) between any two ridges randomly in each plot. The weeds were sorted and 
w eighed. The percentage of control weeds w as calculated according to Shalabv et al. (1988). 
Data were collected on number of bolls/plant, number of open bolls/plant, plant height, seed 
\ ield/ha. seed yield/plant, lint percentage and seed index. 
Seed oil percentage and free fatty acids were determined according to A O A.C. (1961). 
Fibre length and uniformity were determined with a digital fibrograph ASTM (D-1447-63) 
and fibre strength was estimated with a Prcsslcy instrument ASTM (D-1445-601). 
The data obtained were statistically analy sed according to Steel and Torric ( 1980). 
Results and discussion 
Yield and yield components 
Seed cotton yield 
The effect of nitrogen application and weed control on the mean seed yield 
and lint percentage of cotton is presented in Tables 1 and 2. 
Considering the seed yield/ha. it is obvious that the cotton yield responded 
positively to nitrogen increments up to the highest level used (144 kg N/ha). The 
increase due to nitrogen fertilization was 26.3% and 40.6% averaged over the 
two seasons for the 96 and 144 kg N/ha rates, respectively, compared to the low 
nitrogen level (48 kg N/ha). 
Nitrogen fertilization enhances vegetative growth and yield in Egyptian 
cotton (Sawan, 1986; Aly et al., 1986; Abdel-Rahman et al., 1990). Moreover, 
an increase in nitrogen fertilization in cotton increased the N, P and К uptake as 
well as nitrogen use efficiency (Singh and Verma, 1989). 
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Several investigators concluded that Egyptian cotton responded 
significantly to increasing levels of nitrogen up to 144 kg N/ha, but not to higher 
rates (Ali, 1970; El-Halawany and Azab, 1989; Yasseen et al., 1990). However, 
others reported that the seed yield of cotton continued to increase as nitrogen 
fertilization was increased from 144 kg N up to 216 kg N/ha (Abou-Zaid, 1991). 
Concerning weed control, all the weed control treatments produced a 
higher seed cotton yield compared to the control. The seed cotton yields/ha 
obtained with Cotoran/Stomp and Cotoran/Fusilade were significantly higher 
than those recorded for other weed control treatments. However, the 
Cotoran/Flex combination also tended to give a higher seed yield over the two 
seasons. The Cotoran multi and hand weeding treatments also exceeded the seed 
yield of the control. 
The percentage increase in seed yield/ha due to the Cotoran/Stomp 
treatment, as the most effective treatment, and after hand weeding, compared to 
the control, was 35.6% and 16.9% for the two treatments, respectively, averaged 
over the two seasons. 
The results, in general, indicated the effectiveness of weed control 
treatments in increasing the productivity of cotton. The elimination of weeds 
when weed control treatments were applied was the reason for the increase in the 
cotton yield, since weed competition is among the major factors that reduce 
productivity (Zeman, 1983; Shelke and Bhosle. 1990). The interaction between 
nitrogen and weed control was not significant in the two seasons. Tables 1 and 2 
indicate that increasing the nitrogen level up to 144 kg N/ha and applying weed 
control were both effective in increasing the seed yield of cotton. Most results are 
in general agreement with those obtained by El-Deeb et al. (1984) and Shalaby et 
al. (1988. 1991). 
The effect of nitrogen on seed yield/plant showed similar trends to seed 
yield/ha, since the highest yielding treatment was 144 kg N/ha (Tables 1 and 2). 
The average increase due to nitrogen fertilization was 10.5% and 15.5% for 96 
and 144 kg N/ha. respectively, compared to the control, averaged over the two 
seasons. 
The results are in accordance with those of Ali et al. (1986). Nasrallah and 
El-Banna (1986) and Abou-Zaid (1991). The application of any weed control 
treatment significantly increased seed yield/plant in both seasons (Tables I and 
2). The data revealed that Cotoran/Stomp was the most effective of the weed 
control treatments, but other herbicide combinations were also effective in 
increasing cotton productivity. The results are in general agreement with those of 
Shalaby et al (1988). The interaction between nitrogen and weed control was 
only significant in one season (Tables 1 and 2). 
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Table I 
Effcct of nitrogen and weed control on the yield, yield components and agronomic traits 
of cotton during the 1988 season 
Seed Seed Lint No. of No. of Seed Plant 
Treatments yield. yield. percentage open bol Is/piant index. height. 
kg/ha g/plant bolls/plant g cm 
Nitrogen lev els (N): 
48 kg 1894c 29.80c 37.29a 12.98c 14.92c 8.02b 97.6b 
96 kg 2320b 32.01b 37.57a 14.60b 15.82b 9.01a 102.3a 
144 kg 2701a 33.95a 37.70a 15.83a 16.81a 9.47a 102.5a 
F-test significance * * * * NS * * * * * * 
Weed control (W): 
Cotoran/Fusiladc 2462ab 32.77ab 37.75a 14.85a 16.52a 909a 103.1a 
Cotoran/Flex 2398b 32.76ab 37.5 lab 14.76ab 16.00ab 8.92abc 102 4a 
Cotoran/Stomp 2540a 33.00a 37.67ab 15.09a 16.46a 9.19a 102.9a 
Cotoran multi 2324c 32.36ab 37.52ab 14.65ab 16.37a 8.87bc 100.2a 
Hand weeding 2186c 31.97b 37.46ab 14.37b 15.64b 8.71c 101.3a 
Control 1917d 28.69c 37.25b 13 1 le 14 lie 8.20d 94 9b 
F-tcsl significance * * * * * * * * * * 
(N - W) significance NS NS NS * NS * NS 
(1) Means followed b\ the same letter(s) within a column arc not significantly different 
at ihe 5% lev el of probability 
(2) *. ** and NS arc significant al the 5% and 1% levels and not significant, respectively. 
Table 2 
Effect of nilrogen and weed control on ihe yield, yield components and agronomic traits 
of colion during the 1989 season 
Seed Seed Lint No. of No. of Seed Plant 
Trcalmcnts yield. yield. pcrcentagc open bolls/plant index. height. 
kg/ha g/plant bolls/plani о t> cm 
Nitrogen levels (N) 
48 kg 1763c 27.71c 37.31a 12.79c 13.84c 8.15c 92.5 b 
96 kg 2275b 31 49b 37.80a 15.10b 16.76b 9.14b 102.7a 
144 kg 2652a 32.52a 37.72a 15 82a 17.70a 9.71a 104.2a 
F-tcsl significance * * * * NS * * * * * 
Weed control (W): 
Cotoran/Fusiladc 239Xab 31.51a 37.79a 15.05 ab 16.67 a 9.22a 102 Xa 
Cotoran/Flex 2350ab 31 29ab 37.73a 14.83abc 16 49ab 9.17a 101.8a 
Cotoran/Stomp 2462a 31 60a 37.78a 15.21a 16.93a 9 33a 101.9a 
Cotoran multi 2241 be 30.98ab 37.62a 14.70bc 16 25ab 9.0.3a 98.8ab 
Hand weeding 2141c 30.58b 3744a 1442c 15 91b 8.88a 98.4ab 
Control 1797 d 27 47c 37 28a 13 2 2d 14 41c 841b 95.1b 
F-icsl significance * * * * NS * * * * * 
(N-W) significance NS * * NS NS NS NS 
(1) Means followed by the same lcllcr(s) within a column arc not significantly different 
at the 5% level of probabilitv 
(2) *. ** and NS arc significant at the 5% and 1% levels and not significant, respectively. 
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Lint percentage 
Tables 1 and 2 show the effect of nitrogen fertilization on the lint 
percentage of cotton. The general effect was insignificant in the two seasons 
studied, indicating that nitrogen fertilization had little or no effect on this trait. 
The results are in general agreement with those obtained by Ali (1970) and 
Abou-Zaid (1991). 
The application of weed control treatments had little effect on the lint 
percentage in the first season (Table 1 ) and no effect in the second season (Table 
2). The lint percentage (ratio of lint weight to seed weight) revealed that the 
responses of lint and seed yield to nitrogen and to some extent to weed control 
were similar, in general. The interaction between nitrogen and weed control did 
not significantly affect the lint percentage in the first season (Tables 1 and 2). 
The results are in general harmony with those of Shalaby et al. ( 1988). 
Number of bolls plant 
The number of open bolls/plant is one of the main yield components in 
cotton and, as shown from Tables 1 and 2. the trait increased with an increase in 
nitrogen levels up to 144 kg N/ha in both seasons studied. This result could be 
attributed to the effect of nitrogen on seed yield, since the seed yield/ha increased 
with increasing rates of nitrogen up to 144 kg N/ha. The results are in general 
agreement with those obtained by Ali et al. (1986), Nasrallah and F.l-Banna 
(1986) and Abou-Zaid (1991). 
The herbicide combinations used were effective in increasing the number 
of open bolls per cotton plant. Cotoran/Stomp. which gave the highest number of 
open bolls among the treatments, resulted in 5.2% and 15.1% higher values 
compared to hand weeding and the control, respectively, averaged over the two 
seasons. The interaction between the two factors studied was significant only in 
one season. The findings, in general, aie in accordance with those obtained by 
Shalaby et al. (1987, 1988). 
It is clear from the data of the two seasons that nitrogen fertilization had a 
significant beneficial effect on the number of bolls/plant up to 144 kg N/ha 
(Tables 1 and 2). Data from the same tables revealed that the weed control 
treatments, especially the herbicide combinations, had a beneficial effect on this 
trait. Even the hand weeding treatment was significantly better than the control. 
The interaction effect for this trait was not significant, indicating that the number 
of bolls per plant increased as the nitrogen rate increased in the soil up to 144 kg 
N/lia and as weeds were controlled and the fields were kept free from weed 
competition. The results agree with the findings of several workers, e.g. Shalaby 
et al. (1988). 
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Seed index 
Seed index is one of the yield components in cotton. The results presented 
in fables 1 and 2 indicate that the seed index increased with increasing rates of 
nitrogen up to 96 kg N/ha in the first season and up to 144 kg N/ha in the second 
season. 
As for the effect of weed control on the 100 seed weight of cotton, it is 
obvious that most herbicide treatments, along with hand weeding in the second 
season, were effective in increasing the seed index of cotton. 
The interaction between nitrogen and weed control was significant in the 
first season only. 
In general, the results agree with the findings of El-Deeb et al. (1984), 
Shalaby et al. (1988) and Abou-Zaid (1991). 
Plant height 
Regarding the effect of nitrogen fertilization on plant height, as a growth 
criterion, it is obvious that there was an increase in plant height as the nitrogen 
rate increased. There was an insignificant increase due to the last nitrogen 
increment (144 kg N/ha). 
Cotton plant height was significantly affected by the different weed 
control treatments in both seasons studied (Tables 1 and 2). There were no 
significant differences between most of the herbicide treatments. The hand 
weeding treatment showed on increasing trend compared to the control. The 
better growth and hence greater plant height in the weed control treatments could 
be attributed to less weed competition. No significant interaction was shown 
between the two factors studied. 
Oil percentage and quality 
The results obtained for seed oil percentage, shown in Tables 3 and 4, 
indicate that in both seasons the highest oil percentages were obtained with 144 
kg N/ha. However, there was no significant difference between 96 and 144 kg 
N/ha. Applying weed control treatments had a significant effect on the oil 
percentage of the cotton seeds compared to the control. No significant interaction 
effects were detected for oil percentage. The free fatty acids of cotton oil are 
among the factors that determine oil quality and it is shown that this trait was not 
affected by nitrogen application in the two seasons (Tables 3 and 4). In response 
to weed control treatments a slight effect was observed in the first season and 
none in the second season for this trait. The interaction between nitrogen and 
weed control was not significant. 
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Table 3 
Effect of nitrogen and weed control on the oil and fibre quality 
of cotton during the 1988 season 
Oil Free fatty 2.5% span Mean % fibre Fibre Fibre 
Treatments percentage acids length length at uniformity strength elonga-
(mm) 50% (mm) tion 
Nitrogen lev els (N): 
48 kg 18.22b 1.26a 32.48b 24.30b 81.9a 8.27b 3.49a 
96 kg 18.91a 1.23a 33.24a 26.41a 82.1a 8.99a 3.53a 
144 kg 19.45a 1.15a 33.78a 27.39a 83.3a 9.38a 3.75a 
F-test significance * * NS * * NS * NS 
Weed control (W): 
Cotoran/Fusilade 19.28a 1.2 lab 33.58a 26.72a 82.9a 9.10a 3.69a 
Cotoran/Flex 19.29a 1.14b 33.75a 26.47a 83.4a 9.09a 3.62a 
Cotoran/Stomp 19.12a 1.15b 33.78a 26.86a 83.3a 9.18a 3.70a 
Cotoran multi 18 88ab 1 23ab 33.38a 26.19ab 82.3a 8 86ab 3.53a 
Hand weeding 18.56b 125ab 32.89b 25.37bc 81.8a 8.69b 3.54a 
Control 17.97c 1.27a 31.64c 24.57c 80.0a 8 36b 3.46a 
F-tcst significance * * * * * NS * NS 
(N*W) significance NS NS NS * NS NS NS 
(1) Means followed by the same lcttcr(s) within a column are not significantly different 
at the 5% level of probability 
(2) *, ** and NS are significant at the 5% and 1% levels and not significant, respectively. 
J'ihre properlies 
The libre quality of cotton is the main factor that affects the cotton fibre 
price. Fibre length is among the most important traits of cotton quality. It affects 
spinning performance and some yarn properties, e.g. yarn strength. As shown in 
Tables 3 and 4, the traits 2.5% span length and mean length at 50% both 
responded positively to a nitrogen increase: however, the 96 kg N/ha did not 
differ significantly from the 144 kg N/ha. The results are in general agreement 
with those obtained by Ali (1970) and Nasrallah and El-Banna (1986). Other 
investigators, however reported that nitrogen did not affect fibre length. As for 
the weed control effect, it could be concluded that all weed control treatments 
were effective in increasing cotton fibre length. The most effective treatments 
were the herbicide combinations. The average increase due to Cotoran/Stomp 
compared to the control was 6.7% and 9.3% in the first season and 9.0% and 
12.8% in the second season for 2.5% span length and mean length at 50%, 
respectively. The interaction between nitrogen and weed control was not 
significant for 2.5% span length in either seasons or for mean length at 50% in 
the first season. As for fibre elongation, no significant effects were detected due 
to nitrogen or weed control in either season studied. The results are in general 
agreement with those obtained by El-Decb et al. (1984), Shalaby et al. (1988) 
and Shalaby et al. (1991). 
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Table 4 
Effect of nitrogen and weed control on the oil and fibre quality 
of cotton during the 1989 season 
Oil Free fatty 2.5% Span Mean % fibre Fibre Fibre 
Treatments percentage acids length length at uniformity strength elonga-
(nun) 50% (nun) tion 
Nitrogen levels (N): 
48 kg 18.34b 1.29a 32.16b 24.59b 81.6a 8.33c 3.39b 
96 kg 18.99ab 1.26a 33.1 lab 25.76a 83.9a 8.89b 3.86a 
144 kg 19.49a 1.22a 34.12a 26.75a 83.8a 9.98a 3.82a 
F-tcst significance * * NS * * NS * NS 
Weed control (W): 
Cotoran/Fusilade 19.16a 1.20a 33.88a 26 81a 83.4a 9.36a 3.80a 
Cotoran/Flcx 19.31a 1.24a 33.66a 26.46a 82.8a 8 85ab 3.85a 
Cotoran/Stomp 19.22a 1.20a 33.98a 26.66a 83.7a 9.25a 3.82a 
Cotoran multi 19.00a 1.28a 33.48ab 25.76b 82 8a 9 20a 3.55a 
Hand weeding I8.67ab 1.30a 32.63b 24.94c 83.2a 8 75 ab 3.60a 
Control 18.3 lb 1.32a 31.15c 23.62d 82.7a 8.53b 3.49a 
F-tcsl significance * * * * * NS * NS 
(N 'W) significance NS NS NS * NS NS NS 
(1) Means followed by the same lcttcr(s) within a column arc not significantly different 
at the 5% level of probability. 
(2) *. ** and NS arc significant at the 5% and 1% levels and not significant, respectively . 
The other fibre quality traits studied were fibre strength and fibre 
elongation (Tables 3 and 4). With respect to fibre strength, significant effects 
were detected due to nitrogen: there was an increasing trend in fibre strength with 
increasing nitrogen levels in the two seasons. The weed control effects were also 
significant, since most of the weed controlled plots produced fibre with greater 
strength. The fibre strength has a direct effect on yam and fabric strength. 
The effect of nitrogen on fibre elongation was significant only in the 
second season, since the 48 kg N/ha treatment showed less elongation than the 
other levels. None of the weed control treatments showed significant differences 
from the control, indicating that weed control treatment had no effect on the 
elongation of cotton fibre. 
Weed control 
Different weed populations were observed in the two seasons (Table 5). 
The most common weeds were bristle grass (Setaria glanca L.), bermuda grass 
(Cynodon dactylon) and jungle rice (Echinocloa crus-galli), followed by 
purslane (Portulаса oleraceä) and pig weed (Amaranthus caudatus). All weed 
control treatments differed significantly from the control; however, the best 
results in controlling weeds were obtained from Cotoran/Stomp and 
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Table 5 
Effect of nitrogen and weed control on weed weight and percentage of control (R%) 
in the two seasons studied 
1988 season 1989 season 
Treatments Grasses 
p 
ь 
Broad 
leaf 
weeds, g 
Total 
g 
Grasses 
g 
Broad 
leaf 
weeds, g 
Total 
g 
Nitrogen levels (N) 
48 kg 669 472 1141a 542 456 998a 
96 kg 832 478 1310a 719 500 1219a 
144 kg 620 748 1368a 690 45.3 1143a 
F-test significance NS NS 
Weed control (W) R% R% 
Cotoran/Fusilade 360 321 68 led 80 271 368 639c 74 
Cotoran/Flex .395 348 743ed 78 260 582 842c 66 
Cotoran/Stomp 200 282 482d 86 342 408 750c 70 
Cotoran multi 461 469 930c 73 430 439 869c 65 
Hand w eeding 602 802 1404b 59 642 491 1133b 55 
Control 1251 2151 3402a 902 1589 2491a 
F-test significance * * 
(N»W) significance NS NS 
(1) Means followed by the same letlcr(s) within a column arc not significantly different at the 5% 
level of probability 
(2) * and NS are significant at the 5% level and not significant, respectively 
Cotoran/Fusilade (Table 5) in both seasons studied. The results are in general 
accordance with those obtained by El-Deeb et al. (1984) and Shalaby et al. 
(1988). 
In brief, the seed yield of cotton increased as nitrogen levels increased up 
to 144 kg N/ha. Weed control treatments also proved to be effective in raising 
seed yield and other traits of cotton; Cotoran/Stomp and Cotoran/Fusilade were 
among the most effective herbicide treatments. 
With regard to the quality traits of cotton, no deleterious and some good 
effects were observed in the oil and fibre quality of cotton due to nitrogen and 
weed control treatments. Therefore, it can be stated that using 144 kg N/ha and 
either Cotoran/Stomp or Cotoran/Fusilade will increase the seed yield of cotton 
without pernicious effects on the oil percentage and fibre quality traits. 
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Short communication 
CYTOGENETICS OF TRITICUM AESTIVUM L. x AEGILOPS 
OVATA L. HYBRIDS 
J. S. BlJRAL, T. R. SHARMA and K.. S. KANWAL 
SKUAS'I', REGIONAL AGRICULTURAL RESEARCH STATION, R S. PURA 181 102, INDIA 
(Received: 4 July, 1995; accepted: 4 January, 1996) 
Partially fertile interspecific hybrids were produced using the homoeologous pairing 
mutant (phib) of wheat cv. Chinese Spring and Aegilops ovata. Mciotic chromosome 
pairing at MI averaged 30.52 I + 1.95 11 + 0 38 111 per cell F, hybrids backcrosscd with six 
different wheat cultivars produced 33.33-66.12% seed set The partial fertility of the 
Triticum x Aegilops hybrids in conjunction with the successful production of BCi seeds 
indicated the possibility of direct gcnctic transfers from Ac. ovata to bread wheat. 
Key words: Aegilops ovata. wide hybrids, phib mutant, amphihaploid 
Introduction 
Aegilops ovata L. (2n=4x=28, UUMM) is a potential donor of alien genes 
for high protein content (Bochev et al., 1982) and salt tolerance (Farooq et al., 
1989b), and therefore holds great promise for the genetic improvement of 
common wheat (Triticum aestivum L.; 2n=6x=42 AABBDD). Many barriers, 
including the presence of the Ph gene which prevents pairing between the 
homoeologous chromosomes (Riley et al.. 1960), limit the introgression of alien 
genetic material into cultivated wheat. Homoeologous pairing can, however, be 
effectively induced in the absence of the Ph gene (Okamoto, 1957) or through 
the suppression of Ph activity by several Aegilops species (Riley et al., 1961; 
Riley and Law, 1965; Mello-Sampayo. 1971). 
With a view to inducing homoeologous pairing and consequently to 
transferring useful genetic traits from Ac. ovata directly into cultivated wheat, 
wide hybrids were produced involving the homoeologous pairing mutant (phjb) 
of wheat cv. Chinese Spring (Sears. 1977) and Ac. ovata. The present 
communication reports the production, morphology and cytogenetics of partially 
fertile hybrids between Triticum aestivum and Aegilops ovata. Also described 
aie the details of BC| seed production. 
Materials and methods 
Seeds of the phib mutant of wheat cv. Chinese Spring (CS) and Ac ovata (Acc. 3548) were 
grown in the field under natural light, temperature and humidity conditions Manually emasculated 
spikes of the phib mutant were pollinated with fresh pollen from Ac. ovata No pre- or post-
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pollination hormone application was employed and the seeds were harvested at maturity For 
cytologicai analyses, immature Fi spikes were fixed in accto-alcohol (1:3) solution and meiotic 
preparations were made by squashing the anthers in 2% acetocarmine. For backcross seed 
production, emasculated spikes of Triticum x Aegilops Fi hybrids were pollinated with fresh pollen 
from six wheat cultivars (Chinese Spring. CPAN 3004. HS 240, HD 2329. Sonalika and RSP 81). 
As described earlier, no growth hormone was applied and BCi seeds were harvested at maturity 
Results and discussion 
Triticum aestivum x Aegilops ovata hybridisation was not particularly 
difficult and several hybrid plants were established. The seed set obtained on 
crossing the phqb mutant with Ae. ovata was 47%. In earlier crosses of Ae. ovata 
with common wheat cultivars, namely WL 711 (Singh et al., 1993), Chinese 
Spring and its phjb mutants (Farooq et al., 1990), the reported crossability was 
9.0, 37.0 and 40.0%, respectively. Morphologically the Fi hybrids resembled T. 
aestivum more closely than He. ovata but were intermediate to both the parents in 
height and showed reduced tillering ability. The terminal spikelets of the hybrid 
spikes exhibited pronounced awning. The fertility of the F] hybrids averaged 
43% and the partially fertile spikes were hard to thresh. The characteristic awning 
and hard threshability of the hybrid spikes arc indicative of the expression of Ae. 
ovata gene(s) in the cytoplasmic background of common wheat. 
Table / 
Metaphasc 1 chromosome pairing in Triticum aestivum Aegilops ovata hy brids 
No. of cclls Genome Mean chromosomal assocciation 
analysed 1 11 (ring) 11 (rod) III 
42 ABDUM 30.52 1.95 0.38 
(26-33) (1-3) (0-1) 
The figures in parentheses indicate range v alues 
The meiotic chromosome pairing data for the pentaploid hybrids 
(2n=5x=35, ABDUM) are presented in Table I. Chromosome pairing was 
characterised by the formation of 21 I + 3 II in 30.9% of the pollen mother cells 
(PMCs), 1 II + I III + 30 I in 23.8% of PMCs, 3 II + 29 I in 9.52% of PMCs and 
2 II + 1 III + 28 1 in 16.66% of PMCs. An additional 16.66% of MI cells 
contained 1 (I + 33 I. The maximum chromosome pairing recorded was 3 II + ! 
ill + 26 I. Higher associations (trivalents) were recorded in 18 cells (42.8%). 
Several workers (Farooq et al., 1990; Fernandez and Orellana, 1992; Fan et al., 
1992) have also reported the occurrence of bivalents and multivalents in the Fj 
hybrids of the ph,b mutant with Ae. ovata and indicated the effectiveness of the 
high pairing mutant allele (ph|b) in enhancing homoeologous chromosome 
pairing. By contrast, Claesson et al. (1990) and Singh et al. (1993) recorded 
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Table 2 
Details of backcross (BCO seed production in 7'. aestivum x Ae. ovoín hybrids 
with different wheat varieties 
Female parent Male parents No. of florets No. of ВС, Seed set 
pollinated seeds obtained (%) 
CPAN 3004 62 41 66.12 
CS (phjb mutant) Sonalika 60 37 61.66 
x Ae. ovata HD 2329 62 27 40.32 
F]hvbnd HS 240 132 82 62.12 
CS (normal) 64 40 62.50 
RSP 81 84 28 33.33 
extremely low levels of chromosome pairing in the Fi hybrids of Ae. ovata with 
wheat cultivars that lacked the ph,b gene. Only rod bivalents and no ring 
bivalents or multivalents could be observed in these hybrids. The marked 
variation in chromosome pairing for the comparable amphihaploids is suggestive 
of a germplasm influence (Mujeeb-Kazi and Rodriguez, 1983) and could more 
specifically be due to the presence or absence of the high pairing mutant allele 
(ph,b). 
The Triticum x Aegilops hybrids successfully produced BCi seeds with all 
the six wheat cultivars. The highest seed set (66.12%) was obtained with GPAN 
3004, followed by Chinese Spring, HS 240, Sonalika, HD 2329 and RSP 81 with 
62.5, 62.12, 61.66, 40.32 and 33.33%, respectively (Table 2). Successful 
backcrossing of the Fi hybrids to Chinese Spring and several other bread wheat 
cultivars has also been reported by earlier workers (Farooq et al., 1990; Fan et 
al., 1992). However, the substantially higher backcross seed set (33.33-66.12%) 
obtained in Triticum x Aegilops interspecific hybrids with the wheat cultivars 
used in the present study is at variance with that reported by Farooq et al. (1990) 
for comparable backcrosses (0.48-5.0%). The differences could primarily be 
attributed to intraspecific crossability variation in Aegilops and/or the wheat 
genotypes involved in hybridisation (Snape et al., 1979; Farooq et al., 1989a). 
However, variation in the seed set due to differences in environmental adjustment 
cannot be completely ruled out. 
In summary, the partial fertility of Triticum * Aegilops F, hybrids, the 
expression of Aegilops genes in the cytoplasmic background of common wheat 
and successful backcross seed production should facilitate the direct transfer of 
useful agronomic traits from Ae. ovata to cultivated wheat. The presence of 
multivalent associations in the F] hybrids at MI provides an additional 
mechanism for intergenomic recombination between the parental (ABD and UM) 
genomes. Efforts to develop specific germplasm stocks with improved 
nutritional quality and better adaptation to saltier environments are underway. 
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CATALOGUING OF CHROMOSOMAL LOCATIONS OF GENES 
IN RUSSIAN CULTIVARS OF COMMON WHEAT 
N. P. GONCHAROV 
INSTITUTE OF CYTOLOGY AND GENETICS OF THE SIBERIAN BRANCH 
OF THE RUSSIAN ACAD. SCI., 630090 NOVOSIBIRSK, RUSSIA 
(Received: 2 February, 1996; accepted: 29 April, 1996) 
A catalogue of gene locations for qualitative characters in Russian wheat cultiv ars is 
presented A brief rev iew is given of work on gene location in common wheat, with 
information on some of the important gene locations A comparison of the chromosomal 
localization of genes obtained with Russian and other cultivars is also presented The 
results, prospects and areas for study arc discussed. 
Key words: wheat, Triticum aestivum. aneuploidy. chromosomal location 
In Russia, the first complete (21 chromosome) monosomic series was 
derived in the cultivar Saratovskaya 29 (Maystrenko et al., 1988). Studies on 
wheat genetics with the use of aneuploids were started in Russia at the beginning 
of the seventies (Maystrenko et al., 1971), while Russian cultivars were 
investigated by researchers abroad even earlier (Gonjon et al., 1968). 
Approximately 50% of the total number of publications about Russian cultivars 
concern the inheritance of quantitative characters (Goncharov, 1992). 
An overview of the total distribution of the chromosomal localization of 
quantitative characters, based on the compilations of Morris (1959-1982) and 
Goncharov (1992), makes it clear that each chromosome is critical for 10-12 of 
the quantitative characters. In half the cases the expression of each single 
character is controlled by genes on an average of 1 1 chromosomes. The range is 
from 1 17 critical chromosomes per cultivar per character. Considering the 
localizations performed by all the authors, chromosome 4A* was identified most 
frequently (93 times) as being critical for these characters. 
Aneuploid analysis has also been used quite intensely to study the genetics 
of qualitative characters in Russian cultivars, constituting 24% of the total studies 
reported. Continuation was provided for the chromosomal localization of genes 
for the characters (listed in Table 1) previously reported by researchers who 
studied non-Russian cultivars. 
A number of new (original) gene localizations were also done (Table 2). 
The spectrum of qualitative characters under study is narrow (see Tables 1 
and 2), firstly, because analysis was performed in closely related cultivars 
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Table 1 
Chromosomal locations of genes controlling morphological characters in Russian cultivars of w heat 
Abbreviations: Mono - monosomies, monotelo- monotelosomics. ditclo - dilelosonucs, subst.lines 
- substitution lines. 
Cultivars: A9 A10 - line-analogue of N 67, AA688 - Avrodcs/Avrora, ANK - isogenic lines of 
N 67. Bez98 - Bezenchukskava 98. В 1 - Bezostaya I .B 2 - Bezostaya 2. Bur.34 - Buiyatskaya 34, 
C-D - Cappelle-Desprez, CS - Chinese Spring, Dm2 - Diamant 2, Er.2 - Ervthrospermum 2, IL 1 -
6x Triticale 25AD20OTulun 70/k-31243, KM 4480 - mutant B.I. Kr.210 - Krasnovodopadskaya 
210. M.321 - Milturum 321, M.553 - Milturum 553, Mir. 11 - Mironovskaya 11, Mir.808 -
Mironovskava 808. Mir. var - Mironovskaya yarovaya, Mir vub - Mironovskay a ymbilcinaya, Mir. 
ul - Mironovskaya uluchshermaya. Mf'K377 - T. miguchovaelKavkaz, MT8 - mutant of Tulun 70, 
N.7 - Novosibirskaya 7, N 67 - Novosibirskaya 67, Od.51 - Odesskaya 51, Pir.28 - Pirolrix 28, Pr. -
Przhevalskaya, S.29 - Saratovskaya 29. S.38 - Saratovskaya 38, S.46 - Saratovskaya 46, S.210 -
Saratovskaya 210, Sk.35 - Skorospelka 35, Short - Shortandinka 
Character, gene Method Cultivar References 
CHROMOSOME 1A 
Black glume, Bg MonoCS MT8 Volodin, Sen, 1982 
Hair\ glume. Hg Subst.lines Ulianovka in CS (Gulacva. 1984) 
. " . Linkage Pionerskaya (Kolyuchy. 1987) 
SHORT ARM 
CHROMOSOME 1A 
Hairy glume. Hg Isogenic lines A-9/1, A-9/2, (Koval et al.. 1986) 
of N67 ANK-9, ANK-22 
. " . Linkage w ith Bogarnay a (Sobko, Sozinov, 1993) 
Gld-1A 
Red glume. Rg3 Linkage Lgovskaya 47 (Sobko. Sozinov, 1993) 
CHROMOSOME 5A 
Awnedness, В1 MonoCS N.7.N.67 (Lbova, Cherniv. 1979; Lbova, 
1985) 
_ " . Unknown S.38. S.36 (Davoyanet al., 1977 ) 
it MonoCS M.553 (Zharkov. 1985) 
Hairy leaf, HI Unknown S.46,S.38 (Krupnov et al.. 1978; Voronina. 
Chesovikova, 1987) 
it MonoCS M.553, S.29, (Maystrenko, 1976) 
S.210 
Hairy node. Hn MonoS.29, Avrora, В 2 (Goncharov. 1981) 
MonoteloS.29 llichcvka. Er.2 
Kavkaz, Kr.210, 
Mir. 11, Mir. 808, 
Mir. vub.. Mir ul. 
S.29." Sk.35, 
Od.51, 
Prz., Ukrainka 
Speltoids. 0 Unknown S.29 (Mavstrenko, Troshina. 1974) 
- " . MonoM.553 M.553 (Tsiike. 1980 ) 
Response to vernalization. MonoCS S.29, S. 210 (Maystrenko, 1974. 1980. 1992) 
Vml 
И MonoCS N.7.N.67 (Lbova, Cherniy, 1980; Lbova. 
1985) 
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Table 1 continued 
Vrnl It Pir.28. Bez.98, (Zharkov. Reiter, 1989) 
Bur.34 
- " . MonoM.553 Bez.98. Bur.34 (Zharkov, Reiter. 1989) 
SHORT ARM 
CHROMOSOME IB 
Red glume, Rgl Isogenic lines A-10/1, A-10/2, (Kovai et al . 1986) 
of N67 A-10/4. ANK-
10/1 
_ " . Linkage w ith Bogarnaya 56 (Sobko. Sozinov, 1993) 
Old-IB 
CHROMOSOME 2B 
Grass-clamp dwarfncss. D2 Subst lines B1 (Worland. Law. 1980) 
В lin C-D on 
tcsl lines 
Ligulcsncss. Ig2** MonoCS k-31289 (Rigin. Lcbcdcv a. 1973) 
(complimentary gene lgi on 
chromosome 2A) 
Resistance to leaf rust Mono Avrora AA688 (Davoyan. 1993) 
SHORT ARM 
CHROMOSOME 2B 
Wax-producing gene. \v 1 DitcloS 29 S 29 (Laikova et al., 1980) 
CHROMOSOME 3B 
Red grain colour. R3 MonoCS N.7 (Lbova.Chermv. 1979; Lbova, 
1985) 
- " . MonoM.553 M.553 (Elokhina. 1985) 
CHROMOSOME 4B* 
Hairy leaf. HI Unknown S 46. S.38 (Davoy an et al. 1977) 
. " _ MonoCS M.321. M.553 (Maystrcnko, 1976) 
Male sterility, ms Unknown Mutant S.46 (Voronina. Chcsovikova. 1987) 
CHROMOSOME5B 
Response to vernalization. Unknown Pir 28. Short. (Maystrcnko. 1980) 
Vrn4*** 
- " - MonoCS Pir.28, M.553 (Zharkov. Rcilcr. 1989) 
. " . MonoCS N.7. N 67 (Lbova. 1985 ) 
_ " . MonoCS M.553 (Zharkov. 1984) 
MonoM.553 
- " -, Vrn2 MonoCS S.29. Pir.28. (Maystrcnko. 1992) 
S.29/M.808 5A 
CHROMOSOME 6B 
Awnedncss. B2 Unknown S.38. S.46 (Davovan et al.. 1977) 
Resistance lo stem rust MonoM.553 ANK-2 (Tsilkc et al., 1984) 
CHROMOSOME 7B 
Resistance to leaf rust Mono Avrora MK377 (Davoyan. 1993) 
CHROMOSOME ID 
Resistance to leaf rust Mono Avrora MK377 (Davoyan. 1993) 
SHORT ARM 
CHROMOSOME ID 
Brow n glume Isogenic lines ANK-23 (Koval cl al., 1986) 
ofN.67 
CHROMOSOME 2D 
Reduced height.Rht** MonoDm.2 Sk.35 (Aliev, 1982) 
. Ida Agronomica Hungarica 44. 1996 
282 N. P GONCHAROV 
Table 1 continued 
Response to photoperiod. 
Ppdl MonoDm.2 Sk.35 (Aliev, 1982; Mavstrenko. Aliev, 
1986) 
(Lbova, 1980) MonoCS N.7, N67 
CHROMOSOME 5D 
Response to vernalization, MonoSk.35 Mir. var 
Vrn3 
CHROMOSOME 7D 
Purple coleoptilc, Rc3 MonoCS Mir 808 
SHORT ARM 
CHROMOSOME 7D 
Purple coleoptilc, Rc3 DiteloCS Mir 808 
(Bulavka. 1984) 
(Sutka, 1977) 
(Sulka, 1977) 
* - nomenclature following 7th IWGS; 
** - author's gene nomenclature, different from that described by Mcintosh (1988): 
*** - renumbered by Mavstrenko (1992) as Vrn2. 
and predominantly in a single subspecies, lutescens. It will be noted that in the 
course of the development of monosomic series, regretfully, the great cultivar 
diversity in this country was not fully taken advantage of, and cytogeneticists 
concerned with aneuploids developed Russian series with the involvement of 
closely related material. When taking into consideration that a number of foreign 
cultivars from which the monosomic series were derived are closely related to the 
Russian series, then a priori a similar spectrum of critical chromosomes would 
be revealed. Secondly, the material subjected to aneuploid analysis is not 
included in any gene banks, and this calls for continual relocalizations, instead of 
conventional genetic analysis. This is the main reason why the number of 
relocalizations is high. It appears simpler to relocalize a gene than to search for 
material previously analysed by others. The material used for gene localization 
within the aneuploid analyses performed, including control of characters, is not 
supplied to any gene bank. 
Whatever the number of localizations, they are contributions to our general 
body of knowledge of wheat genetics. Advances may be slow or rapid, in-depth 
knowledge has no criteria. Nevertheless, when expressing the number of 
successful localizations per monosomic series, based on Worland's list (1988) 
and the data on the chromosomal localizations of genes (Morris, 1959-1982; 
Goncharov, 1992 and this paper), the results are as follows. The number of 
localizations per monosomic series is 5.5. The number of localizations per 
monosomic series using Russian cultivars is 3.7. This can be treated as an 
illustration of the fact that the "assortment" collected in other countries differ 
from ours which, in breeding terms, cannot be a good tool for solving problems 
of applied genetics. 
Thirdly, their number is not great because Russian researchers started to 
study aneuploids later and also because of the specificity of the material from 
which the high yielding commercial cultivars were derived. 
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Table 2 
A new (original) chromosomal location of genes in Russian cultivars of common wheat 
Abbreviations: as in Table I 
Character, gene Method Cultivar References 
CHROMOSOME 2A 
Auricles, Au 
Ligulcsness. Igl ** 
(complimentary gene 
lg2 on chromosome 2B) 
CHROMOSOME 7A 
Abnormal development 
of endosperm 
Pscudoblack glume 
CHROMOSOME 2B 
Grass-clump dwarfness. 
D2Ppd (Response to 
photopcriod) 
Reduced height. Rhi** 
Resistance to powdery 
nnldcw. Pm** 
SHORT ARM 
CHROMOSOME 2B 
Wax-producing gene, 
wl 
CHROMOSOME 4B* 
Hairv auriculc. Pa 
Hairx leaf. HI 
CHROMOSOME 6B 
Purple colcoptilc. Rc4 
CHROMOSOME ID 
Brown glume. Brg 
Hairy glume. L 
Red glume. Rg 
MonoCS 
MonoCS 
MonoKavka/ 
MonoKavka/. 
MonoS 29 
Mono Dm.2 
Mono CS 
DitcloS 29 
k-31289 
k-31289 
KM 4480 
KM 4480 
S.210 
Sk.35 
IL-1 
S.29 
Subst.lines S.29 S.29 
DitcloS.29 S.29 
MonoCS Mir.808 
Isogenic lines of N 67 ANK-23 
Subst.lines Ulianovka in CS 
CS 
Linkage with Rgl MI6KS 
Subst.lines Purple auricles 
SHORT ARM 
CHROMOSOME ID 
Brown glume 
CHROMOSOME 2D 
Grass-clump dwarfness, Mono Dm.2 
DI ,>pJ (Response to 
photopenod) 
CHROMOSOME 7D 
Purple anthers. Pan 1 MonoCS 
Purple culm. Pc2 MonoCS 
CS 
Isogenic lines of N 67 ANK-23 
S.29, Pir.28 
Pir.28 
Pir 28 
(Rigin, Lebedeva, 1973) 
( Rigin. Lebedev a, 1973) 
(Puchkov. Alfimov. 
1989) 
(Puchkov. Alfimov . 
1989) 
(Maystrcnko et al. 
1977; Mavstrcnko. 
Troshina. 1975) 
(Alicv. 1982) 
(Lebedeva. 1982) 
(Laikovactal. 1980) 
(Maystrcnko. 1992) 
(Maystrcnko. 1976) 
(Sutka. 1977) 
(Koval. 1994) 
(Gulaeva. 1984) 
(Tcrnovskava. Zhirov. 
1994) 
(Gulaeva. 1984) 
(Koval ct al.. 1986) 
(Mavstrcnko. Troshina. 
1975) 
(Mavstrcnko. 1992) 
(Maystrcnko. 1992) 
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Many studies are made on the genetic control of gliadin. More recently, 
however, there is a tendency to use gliadin components as gene markers 
(Kolyuchy, 1987), for gene localization and for the determination of linkage 
(Koval et al., 1986), i.e. in standard genetic analysis without using aneuploids. 
The number of studies concerned with resistance to pathogens is relatively 
great. However, only Rodionova et al. (1974), Tsilke et al. (1984) and Davoyan 
(1993) have succeeded in localizing the major genes for stem and leaf rust 
resistance in a number of cultivars. Lebedeva (1982) located a new, hitherto 
unknown, gene controlling resistance to powdery mildew on chromosome 2B 
(cultivar II). It is one of the 20 major genes for resistance to powdeiy mildew 
which has been localized so far. Considering the number of localizations 
performed by all the authors, chromosome 2В was identified most frequently (47 
times), as being critical for resistance to pathogens, and chromosome 3D was 
identified the least frequently, only 11 times. It is also obvious that reports 
dealing with resistance are now scarce (Table 1), and those relating to the 
inheritance of qualitative and quantitative characters are published in decreasing 
numbers. The decrease in the total number of reports concerned with the genetics 
of quantitative characters is not so apparent, while those concerned with the 
localization of genes controlling qualitative characters has been reduced to a 
third. 
The success in the chromosomal location of genes in wheat has been 
remarkable, as has the demonstration of the fact that certain chromosomes are 
without influence on the characters of growth and productivity (Sears, 1954). At 
present, the sad fact is that not many problems are successfully solved with this 
method. The main task is not to lose the aneuploid series presently available. It 
should be noted that, with the trend to curtail research relying on aneuploid 
genetic analysis, there is a growing threat that the series already developed will 
be lost, since maintenance is tedious work. Today, our task is to save the 
available heritage of Russian aneuploid series. 
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SOIL SALINITY IN LAGOON ECOSYSTEMS 
I. S Z A B O L C S 
RH SEARCH INSTITUTE FOR SOIL SCIENCE AND AGRICULTURAL CHEMISTRY 
OF TI IE HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST, HUNGARY 
(Received: 14 November 1995; accepted: 15 February, 1996) 
Lagoon ccos> stems are widespread all ov er the sea shores of the continents and arc 
more or less separated from the open sea. in exceptional eases saline lakes may also form 
stagnant water reserv oirs similar to lagoons 
Since the water of a lagoon is saline, it is ev ident that the soils of such ecosy stems are 
always salt-affected 
Lagoon ecosystems are diverse as regards their geographical, geochemical and 
climatic conditions Consequently, the salinity of the water has different effects on the soil 
processes in the lagoons. The mosl frequent case is when the sodium chloride of the water 
has a direct effect on the soils of the lagoon w hich, in most cases, arc salinc-donnnated by 
the excess of salt coming from the sea. 
Many lagoons have been desiccated or ameliorated for longer or shorter periods and. 
due lo such measures, their nature has changed. When the salinity of a lagoon's soils is 
diminished, two soil-forming processes may dev elop: 
(a) Leaching of salts and the transformation of saline lagoon soils into non-salmc 
soils 
(b) In the case of a high percentage of clay ey materials, imperfect leaching may results 
in soil alkalinity due to the absorption of sodium ions by soil colloids parallel with a 
decrease in the total salt concentration. 
Very little is known about the role of Mg salts in lagoons. However, this process 
should be studied because Mg salts appear in sea water and particularly in the liquid phases 
of the lagoon soils 
A great number of lagoons, in different climatic and geographical conditions, contain 
high amounts of sulphide which, as a rale, oxidises into sulphates due to the interaction of 
sediments with the air In this ease acid sulphate soils with high Fe and Al sulphate contents 
dev elop as a specific group of salt-affected soils. 
The agricultural utilisation and amelioration of lagoons result in radical changes in the 
soil-forming processes, in some cases reducing or increasing the salinity and in other cases 
changing the type of salinity In all cases pedological studies are necessary in order to 
characterise the soil-forming processes, to predict possible changes and to determine the 
optimum ecological and production requirements 
Key words: lagoon ecosystem, soil salinity 
Introduction 
Salt-affected soils are widespread on the continents and occur in different 
ecosystems. Their formation is caused by the influence of water-soluble salts, 
mainly sodium salts. Consequently, salt-affected soils are particularly common in 
ecosystems where water-soluble salts occur and play an essential role in mass 
flow and soil-forming processes (Szabolcs, 1989). 
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It is well known that in arid and semi-arid areas salinity and alkalinity 
often occur as a result of the existence of water-soluble salts in ground and 
surface waters, in ground and soil layers, and often in plant tissues (halophytes), 
too. 
Salt-affected soils are also frequent under non-arid conditions in river 
basins, lowlands, temporarily waterlogged areas, etc. 
A considerable amount of information is also available on salt-affected 
soils on the sea shores, where sea water, especially its sodium chloride content 
influences soil-forming processes and soil properties (Batlle-Sales et al., 1994). 
However, this phenomenon has only been treated and described in general, 
without indicating the numerous diverse effects and processes caused by the 
direct or indirect interactions of sea water and soil-forming processes in such 
areas (Egorov, 1969). 
One specific formation, which may be cut off from, in connection with, or 
near a sea shore, is the lagoon, which constitutes a special kind of ecosystem, 
permanently or temporarily in contact with sea water. In some cases this 
connection has been terminated, but the influence is still traceable. Lagoons 
arising under different geographical, geological and hydrological conditions may 
be diverse and their ecosystems reflect this diversity. Lagoons on the northern sea 
shores of Eurasia, for example, differ radically from those in the tropical belt 
(Gulf of Guinea, Thailand, etc.). Similarly, lagoons which are permanently under 
the influence of sea water (high and low tides) differ greatly from those which 
are more or less cut off from the open sea and are only temporarily or seldom in 
direct contact with sea water. In spite of these and other differences there are 
some general laws governing soil formation and soil-forming processes in lagoon 
ecosystems. 
When speaking of the environmental processes in lagoons it should be 
taken into consideration that many lagoons are close to river mouths, and that 
stagnant water on the soil surface or temporary waterlogging may be the result of 
the joint effect of sea water and of water resources originating from deltas. When 
such mixtures form stagnant water or temporary waterlogging they lead to 
specific soil-forming processes which are often similar to those developing in 
lagoons far away from river deltas. 
General laws of soil-forming processes in lagoons 
As water-soluble salts, mainly sodium salts, are present in comparatively 
high concentrations in all kinds of lagoons due to the salinity of the sea water, 
they have a decisive effect on soil-forming processes and soil properties. 
In the literature the direct effects of sea water and the accumulation of 
sodium chloride are most frequently described, often without taking into 
consideration the changes which may occur in the course of soil-forming 
processes and which result in alterations not only in trie quantity of salts but also 
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in their chemical composition and distribution along the soil profile. The fact 
that, besides sodium chloride, sea water contains other salts which may also 
influence soil-forming processes, has often been lost sight of. 
Such considerations are particularly significant in the case of natural or 
artificial desiccation or other physical alterations of lagoons, particularly in the 
event of then amelioration and agricultural utilisation. 
It is also well known that a specific type of lagoon includes formations on 
sea shores and in marshes where, after emerging from the sea, in the wake of the 
oxidation of heavy sulphur-containing sediments and mud by the air, ferric and 
aluminium sulphates mainly develop, and a strongly acidic pH appears in the 
surface layers of the soil 
It follows from the above and from other considerations that when 
studying the salinity and alkalinity problems in lagoons, the local geographical, 
geological, climatic, hydrological and other circumstances should be taken into 
account. Both the soil-forming processes and the best possibilities for utilising 
lagoon soils can only be interpreted by such an approach. It is also important to 
realise that, apart from agri- and horticultural utilisation, the environmental 
protection of lagoon ecosystems also requires the proper study of soil salinity, 
and the prediction and characterisation of possible soil processes and their 
consequences (Kovda and Samoilova, 1969). 
Particular attention should be paid to the direction and rate of soil-forming 
processes as well as to the time factor, i.e. to the duration of the current soil-
forming processes and their possible changes in the past and in the near future. 
This is important because in some cases the original situation, the original 
ecological state of the lagoon, changed a long time ago. while in other cases this 
change has only just begun. 
Consequently, both the chemistry and morphology of the soils and their 
v egetation may differ greatly from what they were originally like, i.e. from those 
which dominated when the physical changes began in the lagoon. This is why, in 
spite of the general laws of soil-forming processes in lagoon ecosystems, diverse 
pedological features and even diverse ecological patterns may be observed in 
different places and different conditions as well as at different times (Szabolcs, 
1994). 
Evidently a discussion of the ecology of lagoon ecosystems cannot be 
restricted to the soil salinity problem in these places. In several cases salinity 
does not play a dominant role after a certain period of changes, as will be 
described later. However, because salinity is always present as long as the sea 
water has a direct or indirect influence on the lagoon ecosystem, and may even 
thereafter continue to be of importance, as will also be dealt with later, it seems 
to be logical to interpret different lagoon ecosystems in relation with the different 
groups of salt-affected soils and with different patterns of soil salinisation and 
alkalisation. 
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It should always be taken into consideration that all the soil formation 
processes in lagoon ecosystems are hydromorphic. Besides the influence of sea 
water and stagnant inland waters the groundwater also plays a significant role. In 
most cases the groundwater is in permanent content with the sea water or surface 
waters and they have a joint effect on the soil-forming processes. 
Such laws accompany the further development of lagoon ecosystems 
including the processes of their amelioration and utilisation. 
Salt-affected soils developing in lagoon ecosystems 
It is a commonplace that in lagoon ecosystems saline soils with a high 
sodium chloride content will develop under the effect of sea water. However, the 
picture is not so simple, because different types and groups of salt-affected soils 
may evolve as a function of local environmental conditions, time span, natural 
and anthropogenic influences. 
The classification and grouping of salt-affected soils pose specific 
problems. In the various classification systems different approaches underline the 
taxonomic hierarchy of different soil types and varieties (Szabolcs, 1989) In 
spite of the fact that salt-affected soils are all defined fonnations it is not easy to 
find the right place for them in the different classification systems, and often 
misunderstandings, even confusion may occur. Without discussing the details of 
recent classification problems in this paper, a practical grouping of salt-affected 
soils is presented in Table 1. The grouping corresponds not only to pedologicai 
types but also to geo-biochemical patterns, their relationship to the environment, 
biological and agricultural evaluations, and methods of reclamation and 
utilisation. 
In Table 1. which covers practically all the existing types of salt-affected 
soils, the following five groups are identified; 
Saline soils 
Soils salinised mainly by sodium chloride and partly by other soluble salts, 
mostly originating from sea water, represent the most common and best-known 
group of salt-affected soils. In lagoon and related ecosystems affected by these 
salts, saline soils with different moisture contents develop, in the majority of 
cases with a near neutral pH value, and dominated by sodium chloride. Small 
percentages of sodium sulphates and magnesium salts can also be traced 
This type dominates newly-formed lagoons and those which are in 
pennanent contact with sea water 11 occurs in practically all the climatic belts 
among the lagoons on the sea shores and may be found on all continents. 
This group represents not only the dominant type of salt-affected soils in 
lagoons but also the initial stage of nearly all the groups listed below (cxccpt the 
acid sulphate soils, which develop according to a different salinity pattern) 
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The saline soils in lagoon ecosystems do not always become transformed 
into the other groups described below. On the contrary, they may exist for a long 
time without substantial changes. Such saline lagoon ecosystems are widespread 
and account for the largest proportion of all salt-affected lagoons. 
This type is frequently desiccated and utilised by different methods and 
with different results. The simplest way is to combine leaching with good natural 
or artificial drainage to remove excess salts from the soil profile. The results will 
be a non-salt-affected soil with satisfactory physical and chemical properties and 
sound prospects for successful agri- or horticultural utilisation. 
Although favourable experiences aie frequent, in many cases the 
desiccation and utilisation of saline soils in lagoon ecosystems are associated 
with other processes which are quite often unfavourable for the utilisation aimed 
at. Sometimes they may even cause serious problems and adverse changes in the 
properties and productivity of the soil. 
Alkali soils 
The group of alkali soils is much less homogeneous than that of saline 
soils because alkalinity may develop on salt-affected soils in different degrees 
and. as a result, not only does the pH vary between wide limits, but also the 
morphology, chemistry and productivity of alkali soils may be very diverse. 
Without giving a detailed interpretation of the term "alkali soils" we shall confine 
ourselves here to Ihe main problems of soil alkalinity in lagoon ecosystems 
(Symposium, 1969). 
In the case of calcareous sediments and stagnant wateis sodium carbonate 
will develop under certain circumstances and, due to its high pH value, will have 
a dominant influence on soil properties as well as on the possibilities of soil 
utilisation. 
The formation of sodium carbonate may be associated with the following 
main processes (Szabolcs, 1969): 
(a) Sometimes, due to their specific character, certain lagoons (e.g. on 
some sea shores in Cuba, the Gulf of Guinea, Southeast Asia) contain high 
amounts of sodium carbonate, consequently soda-forming processes develop and 
strongly alkaline soils will dominate. 
(b) In other lagoons, particularly those whose stagnant water contains 
considerable amounts of organic material and sulphates, reduction processes 
develop and alkali compounds, such as sodium sulphide and sodium carbonate, 
will form according to the following equations: 
X„S04+ 4H2= \ „ S + 4 H : 0 
2СННГН-ОН COONa + N a : S 0 4 - 2CH,-COONa J Na :S + 2H :CO, 
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It is well known that many lagoons contain high amounts of sodium 
sulphide, from which hydrogen sulphide is released, which can be smelled from 
afar. When sodium sulphide reacts with carbon dioxide to produce sodium 
carbonate the pH value of the soil will, as a rule, increase up to 10 or more. 
Alkali soils, developing as described above, are widespread and their 
utilisation and reclamation is far from simple. It requires not only the removal of 
excess salts but also the lowering or neutralisation of high alkalinity. 
(c) The formation of alkali soils in lagoon ecosystems is not always 
associated with the generation of sodium carbonate but is due, in many eases, to 
the exchange of sodium ions into the absoiption complex, when sodie soils will 
evolve. Alkali soils often develop in lagoons as a result of the inconsistent 
leaching of sodium chloride during natural or artificial desiccation. In such cases 
ion exchange processes will ensue in the clay fraction of heavy-textured soils 
concurrently with the lowering of the total salt concentration, as expressed in the 
following equations: 
(absorbing complex) 2Na + H 2C0 3 = (absorbing complex) 2H + Na2C03 
or: 
(absorbing complex) 2Na + CaC0 3 = (absorbing complex) Ca" + Na2C03 
As alkali soils very frequently come into existence in this way. it should be 
taken into consideration when attempting to desalinise a lagoon soil by leaching 
that if temporary waterlogging lasts for a long time and if the above exchange 
processes take place in the course of lowering the salt concentration, the saline 
soil will simply be changed into alkali soil without any improvement in its 
productivity. In other words, one type of salt-affected soil will develop from 
another and the goal of complete désalinisation will not be reached. Such a 
phenomenon has been described on the sea shores of the Netherlands where, 
after a temporary intrusion of sea water in the early 40s, soil alkalinity was 
observed. Here, however, as the result of amelioration and agricultural utilisation, 
and as a consequence of favourable soil physical properties, the lands returned to 
their original, non-salt-affected condition within a few years. 
According to the thermodynamics and chemistry of ion exchange 
processes the formation of alkali soils requires a salt concentration around a 
magnitude of 10 '% in the soil solution. I f i t is above or below this range alkali 
soils will not develop; in the first case saline soils, and in the second case non-
salt-affected soils will form. 
As can be seen from the foregoing, alkali soils, which have received very 
little attention in relation to lagoon ecosystems, are of great importance in the 
study and utilisation of salt-affected soils in lagoons. Consequently, their 
amelioration and utilisation require great care and many kinds of techniques and 
practical measures. 
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Magnesium soils 
There is very little information on the occurrence of magnesium soils in 
lagoon ecosystems (Darab, 1994). However, their formation is quite frequent and 
salt-affected soils, rich in Mg. develop in lagoons in various places, particularly 
when there is a high absorption of Mg ions from sea and groundwater or from 
stagnant water in heavy sediments. The joint effect of absorbed sodium and 
magnesium ions results in unfavourable water physical properties in the soil 
(Yakovleva, 1969). 
In lagoon ecosystems the accumulation of magnesium salts may reach such 
a high concentration that it is. in many cases, toxic for plants. 
As the concentration of Mg ions in several inland seas (e.g. Caspian Sea. 
Aral Sea) accounts for nearly 6% of the total ion concentration, it is evident that, 
due to the ion exchange processes, soil rich in absorbed magnesium often 
develop, as they have done along the shores of the Caspian Sea. in Southeast 
Asia, in West Africa, etc. 
The study of magnesium soils in lagoon ecosystems demands further 
investigations with particular regard to the geo-biochemical and colloidal 
processes, as well as to the occurrence and influence of typical minerals and clay 
minerals in magnesium soils, particularly dolomite, chlorite and vermiculite. 
Gypsiferous soils 
At present very little is know of the formation and significance of 
gypsiferous soils in lagoon ecosystems in spite of the fact that their occurrence 
has been observed in many places, e.g. along the Mediterranean shore, in 
Southeast Asia and in Mexico. 
In some cases gypsiferous soils may develop in lagoon ecosystems to such 
a degree that their gypsum contents exceed several percent of the total salt 
contents of the soils. Due to the low solubility of gypsum in comparison with 
other salts, its accumulation is frequent even during the leaching process, when 
other salts are removed easily. 
The occurrence of gypsiferous soils in lagoon ecosystems is very 
important not only from the theoretical point of view but also because their 
existence strongly influences, and sometimes even dominates, the physical, 
chemical and biological properties of soils. 
The accumulation of gypsum also results in specific problems in the 
course of reclaiming and utilising salt-affected soils in lagoons. One of these is 
the adverse influence on the possibility of constructing effective drainage 
systems as, due to the low solubility of gypsum, there is a hazard of the channel 
walls collapsing. 
Similarly to magnesium soils, the gypsiferous soils in lagoon ecosystems 
also demand further target-oriented studies and investigations. 
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Acid sulphate soils 
Acid sulphate soils compose a specific group of salt-affected soils. They 
belong to this family because soluble salts play a decisive role in their formation 
and properties. However, in more than one respect they are somewhat different 
from the other types of salt-affected soils. 
Acid sulphate soils are extensive in lagoons, sea shores, marshes and 
mangrove ecosystems. They occur on practically all the continents from the 
northern shores of Finland to the Gulf of Guinea in Africa, from Madagascar to 
Southeast Asia, Indonesia, Thailand and Vietnam (Breemen, 1973; Szabolcs, 
1962). 
The preconditions of the formation of acid sulphate soils are as follows: 
(a) Presence or formation of sedimentary iron sulphide under permanently 
or temporarily waterlogged conditions. The sulphur accumulates from the 
seawater, where it occurs mainly as sulphate, by two processes: the formation of 
evaporite. and fixation in sediments as iron sulphide minerals. 
(b) Reduction in sediments followed by oxidation of sulphides into 
sulphates, partly through the activities of biological mediators. 
The majority of the sulphur compounds consist of ferrous sulphide 
minerals; thus, iron and sulphur play a dominant role in the formation of acid 
sulphate soils. 
The dominating sulphur-containing mineral in the marine sediments in 
areas where acid sulphate soils are formed is pyrite, of which sediments may 
contain as much as 5%, but which very frequently occurs in proportions of 1 to 
4%. Elemental S can also be produced in considerable quantities by the chemical 
and microbiological oxidation of H2S (Breemen, 1973). In marine masses 
affected by reduction, elemental S appears in small quantities not exceeding 2%. 
While in most soil types sulphur occurs mainly as a constituent of organic 
materials, in tidal sediments the quantity of organic sulphur is insignificant. It 
can be concluded that pyrite is the most important sulphide mineral both in 
actually and potentially acid sulphate soils. This conclusion is valid for every 
region, not only in the tropical and subtropical areas of acid sulphate soil 
formation, but also on the coast of Sweden, where the local name for acid 
sulphate soils is Gyttya, and in Finland where they are called Alaun soils 
(Szabolcs, 1962). Besides pyrite, several other minerals, mainly of the alunite-
jarosite group, play a considerable role in the formation of acid sulphate soils. 
Due to the effect of oxidation, which appear s as soon as the soil material 
dries up, considerable changes take place. The most significant of these is the 
drastic alteration of the pH value from neutral, or slightly alkali, to strongly acid. 
In acid sulphate soils the depth of the groundwater determines both the 
physical and chemical properties of the soil horizons. A strongly acid reaction 
and a relatively high amount of water-soluble salts (ferric and aluminium 
sulphates) dominate in the upper layers and in layers which are not in contact 
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with the water table. It is frequently observed that an acidic reaction can be 
measured in the upper layers simultaneously with neutral or alkali reactions in the 
deeper ones (which are under the influence of water). 
As was mentioned above, acid sulphate soils develop in different climatic 
zones from the Arctic Circle to the Equator. In the hierarchy of various soil 
classification systems, these soils are placed at various taxonomic levels. 
Acid sulphate soils are cosmopolitan in character, i.e. they can be found in 
lagoons and lagoon-like ecosystems in many places. Besides the general laws, 
local climatic, pedological, hydrological and even economic conditions strongly 
influence not only the properties of the soils but also the possibility of reclaiming 
and utilising them. After lowering the acidic pH and introducing rational soil 
management, acid sulphate soils are widely utilised for rice production, 
particularly in tropical and subtropical areas. 
Conservat ion and utilisation of salt-affected soils in lagoon ecosystems 
The salt-affected soils in lagoon ecosystems aie rather diverse not only in 
their geographical distribution, morphology and properties, but also in respect of 
their evolution under the influence of different natural and anthropogenic 
processes. 
A demand for the agri- or horticultur al utilisation of salt-affected soils in 
lagoons has arisen in many places for the production of the crops characteristic 
of the given region. Among others, rice, fodder crops, and even vegetables 
should be considered as the most important. 
However, the majority of lagoon ecosystems are not under cultivation and 
remain more or less in the natural state. In addition, during the utilisation of 
lagoon ecosystems, besides or instead of the expected beneficial effects, a 
degradation of the soils has ensued in many places, giving rise to secondary 
salimzation, decreasing organic matter and plant nutrient contents, overdrying, 
swamp formation and so on. In order to select the proper methods for the 
conservation or utilisation of salt-affected soils in lagoons it is necessary to make 
a careful study of the local natural conditions, the direction and rate of soil-
forming processes, and the possible influence of human activities on these 
processes. 
In many cases, even without anthropogenic interference, the salt-affected 
soils in lagoons change in a certain direction at a certain rate and seldom remain 
in their original state for a very long time. These changes may differ subject to 
varying natural conditions (e.g. ti e rise and fall of the sea level, climatic and 
other changes, fluctuations in the salinity level in groundwater and soil layers, 
variations in the natural vegetation, etc.). As soon as anthropogenic measures 
take place accelerated changes may occur, sometimes enhancing the dominating 
natural processes, but sometimes acting in the reverse direction, altering or 
diminishing their influence. 
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Such effects should be given serious consideration, because neglecting 
them may trigger degradation processes in the soils, resulting in ineffective 
amelioration and production. 
In Figure 1 a scheme is presented of the interrelations of the processes 
which may follow in the wake of natural and artificial changes in lagoon 
ecosystems. 
As shown in Figure 1, soils in the primary lagoon ecosystems which are 
dominated by sodium chloride may be transformed into various formations, 
some of which are described in the foregoing. The possible formations include 
those where sodium chloride salinity prevails, but also include salt-affected soils 
which belong to the alkali, magnesium or gypsiferous groups. 
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The scheme also indicates the main properties. pH values and clay 
minerals characteristic of the groups. 
Figure 1 also covers the acid sulphate soils developing in specific cases. 
Among the anthropogenic causes of further changes in the salt-affected 
soils in lagoons, irrigation should be mainly considered. This is the technology 
most often applied prior to the agricultural utilisation of lagoon ecosystems. 
However, the results are not always beneficial because, in the case of non-
existent or imperfect leaching, secondary salinization and/or alkalisation may 
develop. 
Furthermore, stagnant water and temporary anaerobic processes may result 
in soil degradation and solod formation, which in turn lead to the diminishing 
and/or deterioration of soil organic material. Besides these processes, over-
irrigation and waterlogging may also cause a deterioration in irrigated lagoon 
soils and a failure to achieve a substantial increase in production capacity. All 
these processes ar e also represented in Figure 1. 
It stands to reason that lagoon ecosystems should be utilised only if the salt 
and water balance can be regulated and the productivity of soils sustained or 
increased. If either is uncertain, it is better to leave the lagoons in their original 
state and use the natural halophyte vegetation where possible. 
In the foregoing an attempt was made to characterise the salt-affected soils 
and salinity in lagoon ecosystems, describing the different patterns, formations 
and processes. Considering the importance of the sub ject, what is known of these 
phenomena is still insufficient. This is why further local, regional and 
international studies and projects are necessary if we want to characterise in more 
detail, conserve and utilise with more success the salt-affected soils which can be 
found in the many different lagoon ecosystems of the world 
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The dramatic changes in the economic environment and the development of the 
institutional framework required for a market economy demand the reconstruction of the 
vertical relations bclwecn the links in the Hungarian food chain The analysis of historical 
experience and the lessons to be learnt from the development of the food economy in 
Hungary, together with the international comparison of various models of vertical 
relationships will serve as effective tools in determining possible ways of developing 
vertical relations. When analysing various models of vertical relationships the main 
emphasis is laid on increasing the competitiveness of the Hungarian food chain. From this 
point of view the only acceptable path of development is an economically well-balanced 
food chain, oriented to market demands and quality, with food processors capable of 
effective marketing activities. This process should be promoted by the government in its 
economic policy, primarily by means of privatisation and by contributing to the re-
establishment of self-financing in the food chain. 
Key words: agricultural and food marketing, competitiveness, comparative statistical 
analysis, food chain, privatisation, vertical integration 
I n t r o d u c t i o n 
Following the dramatic political and economic changes in 1989—1990, 
Hungarian agribusiness has now entered the phase of transition from a "centrally 
planned and regulated economy" to a market-oriented system. Although the 
Hungarian economy was one of the first to introduce market-oriented reforms 
after the wave of reforms in 1968, the rapid changes in the economic 
environment, the privatisation of agriculture, the food industry and trade, and the 
new conditions faced by foreign trade (the collapse of COMECON, import 
liberalisation) jointly caused numerous new problems in vertical relations in the 
Hungarian food chain. The aim of this paper is to analyse the development and 
current situation of the Hungarian food chain from the point of view of vertical 
relations and to determine the most important ways of development. The lessons 
which can be drawn from the development of vertical relations in Hungary may 
be important for other Central and Eastern European countries, too. 
0218-0161/96/5 5 00 C 1996 Akadémiai Kiadó, Budapest 
302 Z LAKNER 
Analytical methods 
The current state, problems and paths of development of the Hungarian 
food chain can be understood only on the basis of dynamic system analysis 
(Moyer and Josling, 1990) taking into consideration the historical background 
and in comparison with the main economic tendencies in developed countries. 
The method of investigation is therefore historical-chronological. As far as 
possible use lias been made of the statistical resources of the I lungarian Ministry 
of Agriculture and its predecessors. To make the analysis more comprehensive 
and concise, a typology of models of the vertical relations between agricultural 
production and processing in the food chain has been created (Fig. 1 ). 
Lessons and experience in the development of vertical relations in Hungary 
- a historical background 
Some lessons f rom the pre-collectivisation period 
Berend and Szakály (1982) provide a detailed account of the development 
of Hungarian industry and its relationship with agriculture before the recent 
beginnings of wholesale economic reform. Here attention is focused on some of 
its distinguishing characteristics from the point of view of vertical relations. 
In Hungary the latifundium system persisted until the end of World W ar 1 
in 1918. By the late nineteenth centuiy the large estates had begun to transform 
themselves into capitalist economic units with scope for large-scale investment in 
mills, sugar refineries and tobacco plants, and embracing a v ariety of activ ities in 
food processing (Fig. 1. Model 1). The benefits of this dev elopment were the 
more effective utilisation of raw materials and equipment. For example, sugar 
refineries produced concentrated tomato juice outside the sugar season. With the 
growth of the canning industry before the Second World War. such factories also 
produced fruit brandies. 
The inflow of foreign capital (chiefly from Austria and Germany) 
considerably increased the processing capacity and improved the efficiency of 
food processing by founding processing firms separate from agricultural 
production (Fig. 1, Model 2). It was on this basis, for instance, that the milling 
and canning industries developed. After the partial land reform associated with 
the name of the Minister of Agriculture of the time, Nagyatádi-Szabó, 
cooperatives were rapidly formed by small producers in more developed parts 
of the country to sell their products (particularly milk) to food industrial firms 
(Fig. 1, Model 3). 
In the food industry, due to the large-scale investments and the increasing 
concentration and centralisation of capital, large industries played a decisive role. 
For example, in 1938 over 80% of all food products were produced in large 
industrial plants. Small business enterprises only played a significant role in 
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certain sectors of the food industry. In the same year, 38% of the meat, 28% of 
the spirits and 40% of the bread, biscuits and flour-based confectionery products 
came from small-scale plants. 
In order to stabilise agricultural production and processing, the Hungarian 
government often authorised the formation of horizontal cartels of processors, 
e.g. in the sugar industry. 
The food trade could be characterised by small retail shops. Producers' 
cooperatives played an important role in the integration of small-scale producers 
(Székely, 1991) 
Summarising the historical experience gained in Hungarian agricultural 
and food industrial development in the pre-Second World War period, three 
important conclusions can be drawn: 
• vertical relations in Hungarian agribusiness were characterised by 
various fonns according to the character of the products and the type of 
ownership. No universal model of vertical relations developed; 
• foreign capital played a decisive role in the development of Hungarian 
agribusiness; 
» it is important to recognize the fact that the Hungarian food industry 
has been a concentrated and mainly oligopolistic sector of the national 
economy ever since the industrialisation in food manufacturing began. 
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Fig. 2. The Hungarian sugar vcrticum in European comparison ( 1985-1992 average) 
S o m e characterist ic features o f the planned e c o n o m y and its termination 
in the Hungar ian food cha in 
The comprehensive work of Csizmadia and Székely (1986) analyses the 
development of Hungarian agriculture under the conditions of a planned 
economy, so attention in the present paper will be focused on economic 
problems arising in other parts of the food chain, because without outlining the 
economic development of the food industry, it is impossible to understand the 
problems involved in vertical relations. 
In the post-war years the reorganisation of the food economy was a central 
component in the implementation of central planning. During the years 1949— 
1956 the organisation of the Hungarian food chain copied the Soviet-type 
agricultural model (Berend, 1983). Within each sector, the state-owned 
companies were organised into trusts or single enterprises that operated on a 
national scale. One of the most important aims of this reorganisation was the 
formation of homogeneous companies, which was expected to facilitate the work 
of middle management. Of course the prevailing economic orthodoxy till the late 
fifties precluded any elements of a market economy. 
After the partial economic reforms in 1968, however, the structure of the 
Hungarian food industry gradually changed. The most important aspects of this 
change were as follows: 
• liquidation of the trusts and nation-wide enterprises between 1979 and 
1991; 
• construction of numerous small- and medium-scale factories to meet 
local demands for food, in the ownership of agricultural producers, 
individually or collectively, or of municipalities; 
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• introduction of freedom of association and trade between the food 
industries, agricultural cooperatives, state farms and other suppliers of food 
industry inputs, to reflect market conditions and not the dictates of central 
planning; 
• gradual decentralisation of both domestic and international commercial 
relations. For example, from 1980 food manufacturers were allowed a free 
choice between the various specialist foreign trade companies through which 
exported goods were sold. Some manufacturers were given complete 
independence of action in foreign trade. 
In the late eighties it became obvious from the continued poor 
performance of the Hungarian economy that, despite such adjustments, 
decentralisation alone was insufficient to make the planned economy efficient. 
The only possibility for real progress was a radical change in favour of the 
implementation of a fully-lledged market economy, the basic elements of which 
are price liberalisation, privatisation, reform of banking and the fiscal system, the 
liberalisation of foreign h ade and investment, and currency reform. 
The development of the third basic module of the food chain, the 
wholesale and retail trade, followed the concept changes of the economic policy 
(the nationalisation, centralisation, and de-centralisation — often only on paper -
of the wholesale trade), but in this sector the income drainage by the state had 
been more intensive than in any other part of the Hungarian national economy. 
Under these conditions the food trade of Hungary has been incapable of meeting 
the increasing demands of a modern society. 
V ertical relations in the food chain in a planned economy 
Integration of small //rodiicers 
It is often the case, that Western analysts use the term "command 
economy" to describe the agribusiness (and the vertical relations in the food 
chain) of Eastern and Central European countries as a whole, but in practice )he 
situation is much more complicated. One of the most important characteristic 
features of Hungarian agribusiness in the period 1965- 1989 was the symbiosis 
and division of labour between large-scale agricultural producers (cooperatives 
and state farms) and small producers. The main elements of this symbiosis were 
as follows: 
• the high share of small-scale producers (household plots and auxiliary 
farms) working in close connection with large cooperatives and state farms 
was one of the main resources in the rapid development of Hungarian 
agriculture (e.g. in 1980 the share of small producers in vegetable production 
was 55%. in fruit production 58%, in pig production 60%); 
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• the integration of small-scale producers. The state farms and 
cooperatives often integrated and organised the input and output relations of 
small-scale producers, so a special type of effective cooperation was achieved 
between the v arious forms of agricultural production. The way in w hich large-
scale cooperatives and household farms complemented each other is 
especially manifest in animal husbandly. Household animal husbandly was 
mainly based on the fodder production of the collective farm. The members 
received the fodder either as additional income or bonus, or they purchased it 
from their cooperative. At the same tunc, manure from the household farms 
was utilised by the collective farm. The cooperative members sold their 
animals collectively, on the basis of contracts arranged by the fanning 
cooperatives. Within the framework of the contract, the collective farm had to 
purchase the necessary basic material and fodder and give expert adv ice; 
• horizontal integration of cooperatives and state farms. In the 
development of Hungarian agriculture the horizontal integration of 
agricultural producers into production systems played a decisive role 
(Dimény, 1991), because these voluntary organisations accelerated 
innovations, contributed to the technical and technological development of 
Hungarian agriculture and often integrated the marketing activities of the 
producers. 
The above forms of integration in the agricultural sphere contributed 
decisively to the stability of raw material management in the food industry. 
Relations between agriculture and food processors 
During the period 1948-1956 fanners in Hungary were obliged to hand 
over their produce to the state collecting organisation, generally for prices lower 
than production costs, but by the late fifties the agricultural marketing contract 
became codified as "an independent civil legal contract" by the Civil Legal Code, 
so except for some peculiarities derived from the special nature of agricultural 
production, Hungarian business law over the last thirty-eight years has 
considered the turnover of agricultural products in the same way as that of any 
other goods, with contracts formed on the basis of the independence and equality 
of the partners in an equal exchange. This has been a very important specific 
feature of Hungarian agricultural policy in comparison with another planned 
economies. 
Although the vertical relation between agricultural producers and 
processors has been the focus of much debate, during the past three decades it 
has proved impossible to achieve a well-balanced relationship between 
agriculture and the food industry. This was one of the main reasons for the 
weaker performance of Hungarian vertical chains compared with other European 
countries (Fig. 2). It was often the case that when the weather conditions were 
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favourable for agricultural production the food processors had a very good 
bargaining position, but when there was a scarcity of raw materials the 
agricultural producers had a much better position than the processors. This 
imbalance of vertical relations was very characteristic of the Hungarian food 
chain, because there was no coherent legislative background of agricultural 
market regulation and a considerable share of the subsidies was given to food 
producers (e.g. as export promotion subsidies) rather than to agricultural 
producers, as is the case in most developed countries. This was a ground for 
debate, because both parties appreciated that the existing system was not in 
harmony with their economic interests. Analysing the problem over a long-range 
perspective, it can be seen that the producer's prices for agricultural raw materials 
and the output prices of the food industry have changed practically in parallel, so 
the price disparity (if any) has not increased during the period 1980-1990 (Fig. 
3). Another indirect proof to overthrow the theory that extra profits were 
achiev ed by Hungarian agriculture or by the food industry is that if any party had 
accumulated extra income its economic position should have improved, while 
Figure 4 shows that the economic position of both agriculture and the food 
industry has drastically worsened during the past few years. 
Economic transition and vertical relat ions in the H u n g a r i a n food cha in 
New problems of vertical relations between agricultural producers 
and food processors 
After the political changes in 1989 1990 the new Hungarian parliament 
began to establish the economic environment for a free market economy in 
agribusiness. This was based on the private ownership of land (where land-
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Fig. 4. Rate of return on capital employed in Hungarian food industry ( 1977-1992) 
owners have the right to fonn cooperatives) and the privatisation of food 
processing and the food trade. 
The new property relations induced considerable changes in vertical 
relations, too. The most important change has been the increasing imbalance of 
relations between agricultural producers and food processors. From this point of 
view it is important to underline the fact that the quality' and quantity of the 
output from large-scale agricultural producers was relativ ely '"able, because: 
• the production structure of cooperatives and state far ms was relativ e by 
rigid, not responding quickly to market events (this statement is illustrated 
using the example of pig production, comparing the output of large- and 
small-scale pig producers in Figure 6): 
• the integration of small-scale producers by cooperativ es and state farms 
contributed to the stabilisation of the output structure of small-scale 
producers; 
• most cooperatives and state farms had a diversified product portfolio, 
so a change in the economic position of single products did not cause a rapid, 
drastic change in the economic position of the agricultural producers as a 
whole; 
% 
'Of course the stabilk of the agricultural raw material base does not necessarily mean high quality 
Figure 5 uses the example of m i l k cualily to show that in numerous cases the quality of agricultural 
products has not increased for a considerable length of lime. The main cause of this phenomenon 
has been the poor quaiiiy orientation of the national economy as a whole during the last few decades 
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• the large-scale farms accumulated a considerable number of highly 
qualified specialists, the know-how required for standard quality production 
and the minimum hardware for quality control, which is why the cooperatives 
and state farms had the opportunity to produce products with relatively 
uniform quality. 
The attitude of small-scale agricultural producers differs considerably 
from that of large-scale producers, because: 
• the product portfolio of small-scale farms is much narrower than in the 
case of fann cooperatives, so changes in the cost/return ratio for one or more 
products drastically changes the economic position of the fann; 
• small fanns respond to market changes more rapidly, because these 
famis have fairly limited financial means, so they do not have the resources 
for carrying out a long-range strategy. 
The new landowners were chiefly farm employees who had neither the 
knowledge and experience nor the financial means for controlling the quality of 
production. However, this problem has become one of primary importance, 
because of the sudden collapse of the former COMECON and the increasing 
quality demands of Western European countries, underlining the importance of 
high quality raw material production. 
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The decline in income in the agricultural and food industrial sphere raises 
an effective barrier from the point of view of efficiency and profitability, 
because: 
• there are no funds for the modernisation and improvement of the 
biological basis of production (e.g. the variety structure of Hungarian apple 
growing is rather unfavourable, because the share of Jonathan-type varieties is 
too high and the share of modern, popular varieties is rather low . This is an 
obstacle to the development of Hungarian apple exports, but there are no 
funds available for the restructuring of the variety structure); 
• in recent years fanners have tried to improve the cost/return ratio by 
reducing the input level. The area under irrigation and the use of artificial 
fertilisers has radically decreased. This latter is not such a problem at the 
moment because over the last two decades there has been an overuse of 
artificial fertilisers, but in the medium or long term this could be a real 
problem. 
When analysing the dynamics of agricultural and food industrial prices it 
is obvious that over the last few years (since 1990) the difference between 
agricultural and food industrial prices has drastically increased (Fig. 3). This 
phenomenon can be explained by the fact that the bargaining position of 
agricultural producers has considerably worsened, because: 
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• the disintegration of the production sphere has drastically increased, so 
that the balance of power between large food processors and agricultural 
producers has broken down; 
• the political representation of the economic interests of agricultural 
producers has not been properly organised because numerous organisations 
have professed to represent Hungarian countryfolk, but in practice the forces 
have become too fragmented; 
• high rates of interest served as incentives for agricultural producers to 
sell their products to processors as soon as possible; 
• import liberalisation has often meant a safe and (due to heavy 
subsidisation of agricultural products in EU member states) a cheap source of 
raw material. 
Under these conditions the strategy of food processors towards the 
agricultural producers can be characterised by irrationally low prices for 
agricultural products. Summarising the above facts it can be stated that the 
decease in net income from farming is an ever greater problem, because 
competitiveness is declining. This underlines the importance of economically 
reconstructing Hungarian agribusiness. During the last few decades food 
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processors were only in direct contact with a restricted number of agricultural 
producers, but since the transformation of agricultural cooperatives into private 
farms, the number of market participants has drastically increased. This 
emphasises the importance of advisory work and extension services. 
Effect of the concentration of the food industry on vertical relations 
It has been generally held that the concentration of the Hungarian food 
industry is excessive; the Hungarian food industrial companies are "overweight", 
as expressed by the former Secretary of State T. Szabó (1993), and privatisation 
and concentration go hand-in-hand. On the basis of Hungarian and international 
experience neither statement proves to be true. A closer examination of the rate 
of concentration of food industrial firms shows that the degree of concentration 
in the Hungarian food industry is not much higher than in developed European 
states and the concentration shows considerable variation according to sector. 
Figure 7 compares the simple concentration ratios for the five largest food 
companies in the UK, Germany and Hungary, from which it can be seen that the 
statements concerning the "extremely high" rate of concentration in the 
Hungarian food industry are not true. 
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Since market forces, not central planning have led to a highly concentrated 
food industry in the UK and Germany, the current prevailing wisdom in every 
former COMECON state that 'small is beautiful' and economically efficient for 
the food industry is not borne out by experience. It can be stated that some 
classes of food industry products are more likely to be produced by concentrated 
producers. This is the case, for example, in industries which 
• are easily mechanised and automated (e.g. sugar beet processing, 
vegetable oil industry, brewing industry); 
• are innovation- and research-intensive (e.g. biotechnology, yeast and 
starch processing); 
• need intensive marketing activities (e.g. tobacco industry). 
Industries oriented to satisfying local demands (e.g. baking industry) or to 
the production of specialities (e.g. wine making) seem to be less concentrated. 
If a market is a more effective mechanism than central planning for the 
efficient allocation of resources, then conceivably the Hungarian food industry as 
it is presently constituted has a structure of concentration which is ill-suited to the 
demands of a competitive international economy. For this reason the efforts to 
increase competition and competitiveness by establishing numerous small-scale 
plants in the Hungarian food industry may be misguided. The contradictory 
character of this policy can be clearly seen if the Hungarian meat industry is 
taken as an example. Over the last four years more than 500 small-scale meat 
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processing plants have been established, often with obsolete technology and poor 
hygienic conditions, while at the same time the capacity of large meat processing 
plants is only utilised at an average rate of 20-30%. 
Before the start of the privatisation process one of the main hopes of the 
producers was that, through privatisation, they would obtain ownership shares in 
the food processing companies, thus reconciling the interests of agricultural 
producers and food processors. In practice this goal could not be achiev ed for the 
following reasons: 
• the agricultural producers are not financially able to improve the 
economic position of the food industrial plants, so the buying of shares in 
food industrial plants for v ouchers does nol lead to any capital in How into the 
food industry. As mentioned above, the majority of Hungarian food 
processors aie rather unfavourably placed, so the ownership change has made 
the economic situation of agricultural producers even worse: 
• it is worth underlining the fact thai in the years of a planned economy 
the basic rules of the game in a share company were nol understood very well 
by Hungarian agricultural producers. In a share company the basic principle 
of the cooperatives, "one member, one vote", does not exist. So if the 
agricultural producers do not hold a majority of the shares their economic 
interests cannot be protected effectively. 
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As a summary of this analysis of concentration in the food industry, it 
seems to be inadequate to believe that small- and medium-scale processors are 
capable of taking an active part in international economic competition in most 
sectors of the food industry. The only way to create a balance of power between 
agricultural producers and food processors is the establishment of a modem 
institutional environment (effective product councils), a satisfactory legal basis 
(enforcement of Competition Law) and the necessary economic conditions (the 
majority of subsidies, e.g. export subsidies, should be given to agricultural 
producers, not food processors). 
The industrial background of the food economy 
The supporting industries developed comparatively slowly and one-
sidedly in the years of the centrally planned economy and the distribution of 
work between COMECON states. Producers of industrial inputs often had a 
monopoly (e.g. the chemical or paper industry) or are rather obsolete and 
fragmented (e.g. in Hungary 11 firms produce an annual 350 million tins for the 
canning industry. In a developed country a single firm is enough to produce this 
quantity). 
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In some sectors privatisation gives new perspectives for technical 
development using foreign working capital (e.g. in the paper industry), so from 
the viewpoint of international competitiveness the Hungarian food industry will 
have a better background than in the past. The development of the small-industry 
sector is an effective tool for the satisfaction of small-scale producers who 
produce products for the niché market on the basis of specific orders (e.g. small-
capacity printing houses for label-printing). 
The logistical system of the society is of vital importance for the food 
distribution sector. In the centrally planned economy the infrastructure of 
commerce was comparatively less well developed than other spheres of society, 
so there was little or no possibility to use up-to-date commercial techniques. 
Privatisation provides a good opportunity to increase the technical standard of 
the food retailing trade, because here there is no need for a large-scale capital 
investment and the personal capital of Hungarian inhabitants can be effectively 
used. 
The technical development of the wider infrastructure (communication, 
transportation, banking services, etc.) will require a longer period and an inflow 
of foreign capital. 
The end of the food chain: the consumer 
The intensity and sophistication of the home demand plays a decisive role 
in the international competitiveness of a given industry. 
During the last four decades there have been considerable changes in 
Hungarian food consumption. 
The most important features of the change in food consumption are: 
• the increasing consumption of more valuable food products (meat, 
fruit), 
• a decrease in the consumption of less valuable products (cereals), 
• mass consumption of products which were formerly specialities and 
delicacies (coffee). 
Hungarian food consumption is too quantity-oriented; the energy intake is 
comparatively high (Anon.: Food and Agriculture in Hungary, 1991). 
The most important problems facing the Hungarian domestic food market 
are as follows: 
• after long decades when personal revenues were equalized the 
diversification of purchasing power has increased; 
• there is increasing pauperisation, parallel with an increase in primitive 
capital accumulation, while the lack of a middle class is strongly felt (Fig. 8); 
• there has been an increase in smuggling (Fig. 9) and illegal turnover 
(Fig. 10) for goods subject to governmental inland revenue; 
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• the excessively high level of governmental taxation creates a 
considerable difference between home and foreign prices, which is an 
incentive for smuggling and illegal trading. The result is a decrease in the 
aggregate revenue for product groups such as coffee, spirits, tobacco, etc., 
both at the enterprise and national levels; 
• there is a low standard of consumption culture for a wide variety of 
products. For example, there is a considerable over-production of wines, and 
one of the most important channels of problem elimination would be an 
increase in home consumption, but the culture of wine consumption is at a 
comparatively low level (lack of wine shops, refined bottles and bottle-labels, 
and highly qualified, foreign language-speaking salespeople), so there is no 
practical chance of a short-term solution of this problem. 
The development of the food trade is of vital importance from the point of 
view of home consumption development. The privatization of the retail trade 
took place in the first wave of privatization, based mainly on home capital, 
because the buying of a small food store does not require substantial capital 
accumulation. Foreign capital played a far greater role in the privatization of the 
wholesale chains and larger retail shops. It can be seen from Fig. 11 that 
consumer prices have increased much more intensively than producer's prices. 
This means that the income of traders has rapidly increased. As mentioned 
above, this phenomenon in itself cannot be considered as particularly 
problematical, because the development of the wholesale and retail trades lagged 
behind during recent decades. But in practice the extra profit from the difference 
between producer's and consumer prices is drained off into the state budget in 
various ways (taxes, high loan rates for financing or recreating capital, duties, 
etc.). 
Summary 
The efficiency of vertical relations has a considerable influence on the 
competitiveness of the food chain as a whole. The rapid political and economic 
changes in Hungary have drastically changed the existing vertical relations 
between various parts of the agribusiness. An analysis of the historical 
background of vertical relations in Hungarian agribusiness proves that there were 
no omnipotent models of vertical integration, because the pole of integration was 
determined by the relative economic weight of various elements in the food 
chain. 
One of the most important specific features of Hungarian agribusiness has 
been the symbiosis of small- and large-scale agricultural production. The 
integration of small-scale producers by large cooperatives and state farms, and 
the long-tenn marketing contracts covering many years between agricultural 
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producers and food processors meant marketing and supply safety for both 
parties. Production systems played a decisive role in the modernisation of 
agricultural production, but the quantity of agricultural production increased 
much more dynamically than the quality of the products. An analysis of the 
dynamics of agricultural and food industrial prices shows that the output price 
indexes increased in parallel till 1990, but after the beginning of ownership 
changes the gap between agricultural and food industrial prices widened 
considerably. This phenomenon can be explained by the breakdown of 
integration in agricultural production. The consequence of a decline in income 
from agricultural production is the constant uncertainty of the agricultural 
background of food production. 
The rapid political and economic changes have drastically re-structured the 
vertical relations within the food chain. Private farms are much more sensitive to 
changes in the market, which is why the stabilization of the economic 
environment of agricultural production is of vital importance for the food chain 
as a whole. The increasing number of agricultural partners supplying the food 
processors makes new demands on the extension service and integrating function 
of the food processors. 
If the competitiveness of the Hungarian food industry is to be increased it 
will be necessary to improve the safety and stability of the home market. From 
this point of view the food tr ade plays a decisive role. The food tr ade in Hungary 
has become rather out-dated, because the drainage of the commercial profit 
margin by the state has not left the means for technical development. Since the 
abandonment of price controls the gap between consumer and producer prices 
has widened considerably, but this has not led to capital accumulation in the food 
trade, because commercial activities aie heavily burdened by various taxes. The 
low standard of the food trade is thus one of the most important hindering factors 
in the development of the food chain. 
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Book reviews 
I B o s and P. CALIGARI: Selection 
Methods in Plant Breeding. Chapman and 
Hall, 1995 347 pp ISBN 0 412 55330 9 
Plant breeders are involved in 
multidisciplinary activities. Of the fields in 
question, this book integrates population 
genetics, quantitative genetics, probability 
theory and statistics m the interests of breeding, 
with the aim of making selection more 
professional and increasing the probability of 
success. 
The book provides a great deal of 
assistance in planning, setting up and 
completing breeding programmes Practical 
breeders would be well advised, I feel, to 
compare their own experience with the material 
presented in this book from time to time, to 
determine whether they are really using the 
optimum techniques in their work. 
In addition to the various chapters 
discussing known fields of science, it is worth 
mentioning one or two subjects which are 
extremely useful, or which present novel 
solutions to old problems. 
in the chapter entitled "The detrimental 
effects of allocompetition on the efficiency of 
selection" the approach to the subject and the 
mathematical analysis are quite new The 
question of whether wide or narrow plant and 
row distances should be used in wheat breeding 
has been debated for 50 years and in general 
w ide spacing is preferred. The chapter provides 
useful assistance in eliminating the 
disadvantages 
The chapters entitled "The optimum 
number of replications", "The size and shape of 
the test plots", The optimum generation to start 
selection in self-fertilizing crops" and 
"Experimental designs for plant breeding" are 
also extremely valuable from a practical point 
of view. 
Rather than list the other chapters, I should 
like to point out the aspect of this excellent 
book which gave me the most food for thought: 
the enormous number of specific cases and 
examples, a few of which will be mentioned 
here. 
Omolo and Russel (1971) investigated the 
effect of random genetic drift in the variety 
Krug to determine whether an open pollinating 
population could be maintained with less than 
500 plants. The numbers of plants in the 
vanous treatments were 500, 200, 80, 32 and 
13. A comparison of the yield potential of the 
various treatments after four years showed a 
19.0 % yield reduction in the 13-plant plot 
compared to the 500-plant treatment (pp. 68-
69). 
The trend in the hybrid composition of 
Dutch maize is interesting. In 1967 there were 4 
OP and 4 DC hybrids. The number of OP 
dropped to 0 by 1977 and that of DC to 1 by 
1994, while six TC hybrids appeared in 1977, 
their number rising to 26 by 1994. SC hybrids 
were first used in 1992. The three listed in this 
year increased to 16 by 1994 (p. 148). 
The planning of the experiments is 
facilitated by calculations showing the number 
of possible combinations in the case of 5, 15 or 
50 lines. A total of 105 SC, 1365 TC and 4095 
DC hybrids can be produced from 15 lines (p. 
149). 
Experiments confirming the advantage of 
starting lines from later (Fs-F6) generations in 
wheat are valuable guidelines for breeders. The 
advantages of the long-used RAMSCH method 
are also explained. 
A . BÁLINT 
L. GUARINO, V . RAMANATHA RAO a n d R. REID 
(EDS): Collecting Plant Genetic Diversity. 
Technical Guidelines. CAB International, 
Wallingford. 1995. 748 pp. 
ISBN 0 85198 964 0 
The book contains chapters by a number of 
authors on the technical methods used for 
collecting, handling and storing well-known or 
little known plant species still to be found in 
nature. The different chapters also reflect the 
personal opinions of their writers. 
Nowadays, in order to satisfy the demands 
raised by fanners with respect to cultivated 
plant species and hybrids, breeders have 
already made great efforts to incorporate 
numerous economically essential traits into new 
genotypes. Due to the constant evolution of 
pathogens, changes in production technologies 
and the expected changes in the Earth's climate 
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(global warming), even more valuable 
genotypes will be required in the future. 
However, the incorporation of genes 
responsible for environmental stress resistance, 
quality and other desired characters leads to a 
reduction in the genetic diversity of crops, w ith 
a consequent increase in genetic vulnérabilité'. 
The survival of many wild and cultivated 
genotypes not used in breeding is now 
endangered, and the number of spccies actually 
cultivated is extremely limited The varieties 
developed in various countries resemble each 
other to an ever greater extent The plant 
varieties, populations and ccotypes arc 
incapable of maintaining themselves. This is 
demonstrated by the fact that of the 17,500 
indigenous plant spccies previously registered 
in the then Soviet Union, approx. 600 have now 
become extinct Genotypes can only be 
preserved safely in organised gene banks 
Attention is also drawn to the danger of a 
reduction in genetic diversity in the 66-page 
introductory section of this book Mention is 
made of the fact that of the approx. 265,000 
known plant spccies in the world, only 7000 
species arc used for human nutrition Of these, 
a total of only 20 species provide the major 
foodstuffs; 70 % of these are cereals, including 
wheat (22 %), rice ( 13 %) and maize ( 11 %). 
Separate chapters deal with the world's 
major gene banks, their sponsors, the sources 
of information, the legal background of plant 
germplasm collections, the planning of 
collection and research and various methods of 
storage. 
The book is divided into four further 
sections (I. Before setting out. II. In the field. 
Ill Back at base, IV Case-studies), m the first 
of which attention is drawn to the dangers of 
genetic erosion and to the various strategics 
required when sampling wild and cultivated 
plant species. During this work various aspects 
must be considered (geographical location, 
human population migration, varv ing customs, 
local abundance, the life cycle and duration of 
the plants, vegetative reproduction, fertility, 
etc.). 
Mention is also made of the need to use 
wild plant species (Hordeum. F.lymus. 
Triticum, Aegilops) in practical plant breeding 
and in theoretical research Importance is also 
attached to the taxonomical classification of 
wild and cultivated plant species and varieties 
on the basis of morphological, biochemical and 
physiological traits, all of which arc of great 
assistance in both theoretical and applied 
research. 
Special emphasis is placed on the 
collection, description, classification, 
documentation and storage of previously 
unknown or little known plant spccies 
belonging to the extremely diverse indigenous 
flora of the developing countries (Africa, Asia. 
Central and South America) and of their use as 
food, spices, médicinal herbs, pigments, mbber. 
fibre, etc. 
The importance of various maps (cadastral, 
topographic, hydrological, geological, soil, 
phytogeographical, climatic, etc.) is also 
emphasised in facilitating the collection of 
genetic resources The ccogcographical 
distribution of biodiversity is also mentioned. 
The survey and description of plant diseases 
and pests, means of preventing their spreading 
and how to control them in the field and in gene 
bank material arc also dealt with in various 
chapters. 
The chapters in the second section arc 
concerned with the collection and 
documentation of plant genetic sources, the 
registration of data in the field and the storage 
of these data The necessity to note the 
structure, type, colour. pH. depth, salt content 
and water retention of the soil, the 
characteristic weed flora, ihe degree of infection 
with insects and disease, etc. is emphasised. In 
a knowledge of these data it is possible lo selcct 
suitable plants for propagation with the most 
suitable agronomic techniques Various 
chapters deal with the collection and seed 
handling of fodder grasses and legumes in the 
field and in granaries, vegetative propagation, 
the collection of woody perennials, the in vitro 
storage of gcnclic resources, pollen storage 
methods, and the techniques required for 
setting up a herbarium 
The third section prov ides information on 
the processing of gcrmpiasm (dry ing, cleaning, 
seed handling, packaging of seed samples), on 
storage, on the dispatch of seed samples and on 
follow-up work 
The chapters in the fourth section are 
concerned w ith ihe collection of tropical forage 
plants. Mangifcra in the tropical rain forests of 
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southeast Asia, Andean root and tuber crops in 
Ecuador. Musa spccics in Papua New Guinea, 
rice species in the Philippines, wild species of 
Arachis and rare species from Florida. An 
introduction is also given to the work of the 
Institute of Plant Genetics and Crop Plant 
Research in Gaterslcben. 
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EFFECT OF CONTINUOUS HERBICIDE APPLICATION 
ON WEED DYNAMICS IN A SORGHUM-COTTON 
CROPPING SEQUENCE 
K. PONNUSWAMY and 0 . S. KANDASAMY 
DEPARTMENT OF AGRONOMY, TAMIL NADU AGRICULTURAL UNIVERSITY, 
COIMBATORE-641003, TAMIL NADU, INDIA 
(Received: 30 August, 1994; accepted: 30 May, 1996) 
A field experiment was conducted during 1993-1994 to study the influence of 
management practices including continuous herbicide application on weed dynamics in a 
sorghum-cotton crop sequence. When the plots were hand weeded, Trianthema 
portulacastrum and Cynodon dactylon were dominant in both the crops in the sequence. 
In the unweeded plots, Trianthema portulacastrum and Echinochloa colonum were 
dominant in the first crop of sorghum, but in addition to the above weeds, Chloris 
barbata also shared the dominance in the subsequent cotton crop. The continuous 
application of herbicides caused a population shift from dicots to monocots. Herbicides 
controlled the dicots Trianthema portulacastrum and Parthemum hysterophorus 
adequately in both the crops and increased the yield. A build-up of Cynodon dactylon, a 
perennial grass, was noticed in the herbicide-treated plots. 
Key words: weed population, herbicide rotation, weed shift/dynamics, crop 
sequences 
Introduction 
In a system/sequence approach, besides the crop, it was found that land 
preparation, cultural practices and weed control methods caused changes in the 
weed community. Each crop has its own characteristic weeds. The rotation of 
sorghum with cotton will result in reduced infestation with broad-leaved weeds. 
Weed control methods in field crops are well documented. However, studies on 
the long-term effect of weed control measures on weed dynamics in a sorghum-
cotton crop sequence are limited. Hence an investigation was carried out to study 
the influence of management practices, including herbicide rotation, on the weed 
dynamics in a sorghum-cotton crop sequence. 
Materials and methods 
The field experiment was conducted at Tamil Nadu Agricultural University, Coimbatore 
during the Kharif and Rabi seasons of 1993 and 1994 to study the influence of management 
practices on weed dynamics in a crop sequence of sorghum-cotton. Sorghum variety Co. 26 and 
cotton variety MCU.5 were taken for the study. Recommended crop management and protection 
measures were adopted with the exception of weed control. The treatments for sorghum included 
the following weed control methods: atrazine 0.25 kg ha"1 + hand weeding (Mi), alachlor 1.25 kg 
0218-0161/96/5 5 00 C 1996 Akadémiai Kiadó, Budapest 
326 К. P O N N U S W A M Y and О. S. K A N D A S A M Y 
ha"1 + hand weeding (M2), intercropping with cowpea + hand weeding (M3), hand weeding twice 
(M,) on the 15th and 30th day after sowing, and unweeded control (Ms). These treatments were 
replicated thrice in a random block design. In the sorghum field after harvest, taking the above 
treatments as main plots, the cotton seeds were dibbled in sub-plots after preparing the field 
manually. The sub-plot treatments for cotton were as follows: pendimethalin 1.0 kg ha-1 + hand 
weeding (Si), fluchloralin 1.0 kg ha"1 + hand weeding (S2), intercropping with onion + hand 
weeding (S3), hand weeding + earthing up (S4) and unweeded control (Ss). Species-wise weed 
flora were recorded and their relative density was calculated. The fodder yield for the first crop 
of sorghum and the kapas (seed cotton) yield for the second and fourth crops of cotton were 
recorded. 
Results and discussion 
Sorghum weed spectrum 
In the sorghum field, the broad-leaved weeds Trianthema portulacastrum 
and Parthenium hysterophorus and the grasses Cynodon dactylon and 
Echinochoa colonum were observed. 
Effect of weed control on weed dynamics 
Weed control methods influenced the weed population. The response to 
weed control methods differed from species to species. Weeds such as Trianthema 
portulacastrum and Parthenium hysterophorus were effectively controlled by the 
herbicide atrazine. Cynodon dactylon could not be effectively controlled by 
atrazine, but alachlor restricted the density considerably. Manual weeding and 
intercropping treatments permitted the emergence of broad-leaved weeds, which 
resulted in increased dominance of Trianthema portulacastrum and Parthenium 
hysterophorus (Table 1). Similar findings were also reported by Srinivasan et al. 
(1992) in a rice-based cropping system. 
Table 1 
Weed control efficiency (%) and fodder yield of sorghum as influenced by treatments 
Treatments 15 days after sowing 30 days after sowing Fodder 
TP Cd Ph Ec TP Cd Ph Ec yield (kg/ha) 
M, 91 0 100 65 93 14 100 66 10,100 
M2 31 78 0 92 41 81 8 91 8,602 
M3 6 78 49 69 18 18 27 84 7,414 
M4 21 0 0 80 98 95 90 85 9,648 
Ms 0 0 0 0 0 0 0 0 5,068 
CD (5%) 638.7 
Tp - Trianthema portulacastrum; Cd - Cynodon dactylon; Ph - Parthenium hysterophorus; 
Ec - Echinochloa colonum 
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Table 2 
Weed control efficiency (%) in various treatments in cotton (15 days after sowing) 
Trianthema portulacastrum Cynodon dactylon 
Si S2 S3 S4 Ss s , S2 S3 S4 Ss 
Ml 87 91 54 13 0 79 77 36 10 0 
M2 89 89 50 21 0 81 88 53 31 0 
M3 91 92 57 35 0 85 87 9 11 0 
M4 95 91 68 31 0 85 89 35 23 0 
M5 90 89 55 32 0 66 83 26 4 0 
Chloris barbata Parthenium hysterophorus 
Si S2 S3 S4 Ss Si S2 S3 S4 Ss 
Mi 83 78 32 25 0 91 92 39 27 0 
M2 90 78 49 17 0 95 81 34 41 0 
M3 81 87 41 86 0 95 85 36 0 0 
M4 96 89 62 34 0 91 94 66 53 0 
M5 94 91 43 19 0 59 64 36 24 0 
Effect of treatments on crop yield 
The fodder yield of sorghum increased to much the same extent in 
herbicide-treated and manually weeded plots due to the conducive environment for 
crop growth because of the smaller weed population compared to the unweeded 
check (Table 1). 
Table 3 
Weed control efficiency (%) in various treatments in cotton (30 days after sowing) 
Trianthema portulacastrum Cynodon dactylon 
Si S2 S3 s4 Ss Si S2 S3 S4 Ss 
Ml 84 88 40 14 0 76 76 32 10 0 
M2 88 88 50 25 0 78 85 50 31 0 
Мз 
88 91 57 33 0 80 80 0 0 0 
M4 92 89 67 30 0 80 83 20 6 0 
Ms 87 87 48 29 0 65 78 22 7 0 
Chloris barbata Parthenium hysterophorus 
s, S2 S3 s4 Ss s, S2 s3 S4 Ss 
Mi 79 75 49 16 0 87 92 38 23 0 
M2 88 78 40 25 0 88 76 30 30 0 
Мз 
83 84 34 15 0 90 84 42 4 0 
M. 95 82 9 34 0 88 90 63 49 0 
Ms 91 86 43 21 0 60 63 29 9 0 
Acta Agronomica Hungarica 44, 1996 
328 К. PONNUSWAMY and О. S. KANDASAMY 
Table 4 
Yield of cotton (kg/ha) as influenced by various treatments 
Si S2 S3 S4 S5 
Ml 1482 1185 955 865 608 
м 2 1497 1260 987 898 527 
Мз 
1395 1252 1047 1040 645 
М4 1202 1192 887 877 567 
м 5 1405 1323 848 723 443 
SED CD 
M 52.04 NS 
s 45.72 92.39 
M x S 105.21 NS 
Cotton weed spectrum 
In the second crop of cotton, it was seen that there was a build-up of 
Chloris barbata in all the treatments, but heavy infestation was noticed in 
intercropping, hand weeded and unweeded plots. A similar shift in the weed flora 
of rice was noticed for different weed control methods by Vega et al. (1971), De 
Datta (1977) and Janiya and Moody (1987). The populations of Trianthema 
portulacastrum and Cynodon dactylon were not reduced to a greater extent in 
these treatments, but the continuous application of herbicide reduced the 
population of these weeds considerably (Tables 2 and 3). Ueki (1983) also 
observed a shift in the weed flora after long-term herbicide application in Japan. 
Table 5 
Weed control efficiency (%) in various treatments in sorghum (3rd crop) 
Trianthema portulacastrum Cynodon dactylon 
s, s 2 S3 S4 S5 s . S2 S3 S4 S5 
Mi 100 100 97 91 98 0 0 100 0 0 
M2 90 84 80 98 92 0 0 82 0 14 
Мз 
29 26 43 65 19 0 0 48 0 0 
M4 95 95 77 37 31 0 0 61 0 100 
M5 0 0 0 0 0 0 0 0 0 0 
Chloris barbata Cyperus rotundus 
Si S2 S3 S4 S5 Si S 2 S3 s 4 s 5 
Mi 0 87 93 51 96 0 0 0 0 0 
M2 0 74 92 0 93 0 0 0 0 0 
Мз 
65 0 59 44 0 0 79 0 0 0 
M4 86 31 34 18 23 0 0 59 0 0 
M5 0 0 0 0 0 0 0 0 0 0 
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Table 6 
Grain yield (kg/ha) of sorghum as influenced by treatments 
s , S2 S3 S4 S5 Mean 
Ml 5350 3317 2333 4817 2517 3667 
M2 3000 3717 2667 3783 2233 3080 
Mj 1967 2550 1700 2617 1667 2100 
M4 3800 3250 1800 3100 2400 2870 
Ms 1383 1750 2700 2583 1533 1890 
SED CD 
M 127.64 294.33 
S 149.52 302.18 
M x S 325.14 671.38 
Effect of treatments on cotton yield 
Maximum kapas yields were recorded after the continuous application of 
herbicide compared to other weed control practices such as intercropping and 
manual weeding. A maximum kapas yield of 1497 kg ha 1 was recorded using an 
alachlor-pendimethalin herbicide rotation (Table 4). 
Weed spectrum in sorghum 
In the third crop of sorghum, among the weed species, Trianthema 
portulacastrum was effectively controlled by herbicide application (both 
pendimethalin and fluchloralin). Fluchloralin also gave effective control of 
Chloris barbata (Table 5). 
Table 7 
Weed control efficiency (%) in various treatments in cotton 
Trianthema portulacastrum Cynodon dactylon 
S, S2 S3 S4 S5 s, S2 S3 s4 Ss 
Mi 97 96 87 89 73 0 0 0 0 0 
M2 90 81 89 62 56 0 0 0 52 13 
Мз 
71 64 26 35 33 0 34 40 48 0 
M4 87 59 57 34 1 0 26 0 79 0 
M5 0 0 0 0 0 0 0 0 0 0 
Chloris barbata Cyperus rotundus 
Si S2 S3 S4 S5 s, s2 S3 S4 Ss 
M, 49 0 70 30 61 0 0 0 55 0 
M2 0 0 96 0 0 33 0 0 85 0 
M, 38 0 79 0 0 33 57 0 0 42 
M4 43 82 97 70 98 0 0 0 0 30 
M5 0 0 0 0 0 0 0 0 0 0 
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Table 8 
Yield of cotton (kg/ha) in various treatments 
Yield of kapas (kg/ha) 
Si S2 S3 S4 Ss 
Ml 1635 1256 1460 986 635 
м 2 1587 1308 1625 940 562 
Мз 
1380 1295 1180 1122 680 
М4 1285 1081 1264 850 632 
М5 1362 1140 865 741 464 
SED CD 
M 64.2 148.3 
s 51.0 103.2 
M x S 112.3 226.8 
Grain yield of sorghum 
The grain yield of sorghum was significantly influenced by herbicide 
application and also by manual weeding. Lower yields were recorded under 
intercultivation and unweeded conditions (Table 6). 
Weed spectrum in cotton 
In the fourth crop of cotton (Table 7) better weed control was noticed 
where herbicides were used in the case of Trianthema portulacastrum. But the 
monocot weeds, Cynodon dactylon, Chloris barbata and sedge (Cyperus) were 
not. effectively controlled by herbicides. 
Effect of treatments on cotton yield 
In the fourth crop of cotton, the kapas yields were significantly influenced 
both by herbicide applications and by intercropping (Table 8). 
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CLONE SELECTION AND CHARACTERISATION OF THREE 
APRICOT CULTIVARS ON THE BASIS OF FLOWER 
MORPHOLOGICAL TRAITS 
D. SURÁNYI 
FRUIT RESEARCH STATION, CEGLÉD, HUNGARY 
(Received: 30 August, 1994; accepted: 8 December, 1995) 
Trees of the cultivars Magyar kajszi С. 235, Ceglédi bíborkajszi and Ceglédi óriás 
planted in 1980 were observed at Cegléd until the time of flowering in 1983-1993. 228 
trees of each cultivar were analysed with regard to their fruit-bearing capacity, fruit size 
and susceptibility to the damaging impact of frosts. After 1985 special studies were made 
on trees with outstanding values. In comparison to trees with average characteristics, over 
the average of 11 years the plus variants produced 48-84% higher yields. The smallest tree 
canopy was formed by the cv. Ceglédi óriás, which bore 50% of its fruits on fruiting spurs 
and 50% on fruiting branches, while cv. Ceglédi bíborkajszi bore 45% of its yield on 
secondary growth and cv. Magyar kajszi С. 235 bore 55% on fruiting spurs. 
The open pollination of trees only rarely fell below 10%, whereas the spring frosts, 
and in three years the winter frosts, caused a great deal of damage to the flower buds and 
phloem elements. It was observed that even the ramified shoot system of cv. Ceglédi 
bíborkajszi was unable to provide more favourable micro-climatic conditions. 
Surprisingly, the rate of apistillate flowers was quite frequent, especially in the case of cv. 
Magyar kajszi С. 235, the trees of which - with the exception of those with outstanding 
values - were contaminated with the virus Sharka. The analysis of abscised flowers 
indicated that in the case of Ceglédi óriás sterility is not infrequent even in flowers 12-14 
mm in diameter. 
Three Magyar kajszi С. 235, three Ceglédi bíborkajszi and four Ceglédi óriás trees 
were selected as most suitable for further propagation. Especially No. 8/18 (Magyar kajszi 
С. 235), No. 21/13 (Ceglédi bíborkajszi) and No. 30/17 (Ceglédi óriás) produced 97%, 
149% and 71% higher yields, respectively, than the average for these cultivars. 
Trees propagated by grafting for the micro-clone experiment will be further studied 
with the hope of producing cultivars with more favourable traits for commercial 
production. 
Key words: flower morphology and biology, clonal selection, apricot 
I n t r o d u c t i o n 
A previous paper described the results of experiments on the behaviour of 
three apricot cultivars selected at Cegléd, that had been budded on the 
myrobalan rootstock CT. 359. As this previous study comprised mainly partial 
and preliminary results (Surányi, 1991a), the present study will focus attention 
mainly on certain possible factors of low yielding capacity. 
In literature on the breeding of apricot varieties contradictory tendencies 
can be observed as to the judgement of the possibilities offered by selection. In 
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some cases, the chances are regarded as limited, whereas on other occasions they 
are felt to be promising. The fact that several authors and research groups 
discussed the question of clonal selection at symposia in Rome and Ismir 
underlined the importance of this possibility. 
The clonal selection of Hungarian local varieties was concluded by the 
early 1970s (Nyújtó and Surányi, 1981). The significance of this work is 
indicated by the state registration of numerous cultivars that have maintained their 
leading role up to the present (Harsányi, 1975; Tomcsányi, 1979; Gyúró, 1990). 
In Hungary, however, production development faces several ecological, economic 
and social obstacles, such as the marketing conditions. The physical properties of 
apricots do not favour the boosting of production of this summer fruit either. In 
addition to cultivar and rootstock problems, early frosts and diseases (mainly 
apoplexy and Sharka infection) cause much concern. Efficient protection against 
these problems necessitates continuous selection and introduction, as well as 
thorough phenological and physiomorphological observations. 
To date, Hungarian research has focused mainly on pollination (Maliga, 
1948; Nyújtó and Surányi, 1981; Brózik and Nyéki, 1981; Nyújtó et al., 1985) 
and flower morphology (Surányi, 1977; 1978; 1989; 1991a; 1991b; 1993), 
naturally, in addition to the evaluation of cultivated varieties (Harsányi, 1986; 
1991; Nyújtó and Banai, 1986; Nyújtó and Erdős, 1986). 
The three cultivars studied, Magyar kajszi С. 235, Ceglédi bíborkajszi and 
Ceglédi óriás, constitute some 40% of Hungarian commercial orchards (KSH, 
1992), so it was considered justified to study some selected individuals, plus-
variants, of these in addition to new hybrids and introduced cultivars. It is 
especially important to analyse factors that could explain the cultivar-specific or 
tree-specific canopy, the low rate of fructification and fertility, and the year 
sensitivity (Paunovic and Djuric, 1991; Cociu et al., 1991). 
There is also a perceptible trend in leading apricot-producing countries to 
study the fertilisation disorders of major cultivars (Egea, 1991), including poor 
fertilisation due to incompatibility (Maliga, 1948; Schultz, 1948; Nyújtó and 
Surányi, 1981; Nyújtó, 1983) or the shortness of the effective pollination period 
(EPP) (Burgos, 1991). Recently, the sterility of apricot cultivars has been a major 
research field in the Mediterranean production areas, e.g. Tokaloglu (Gülcan and 
Aaskin, 1991), Moniqui (Egea, 1991). 
The differentiation of flower buds and their latent development during the 
dormant period are important areas of research from the viewpoint of damage 
caused both by low temperature and by higher temperatures in late winter 
(Medeira, 1987). 
The present paper describes the results of investigations into differences in 
the fructification rate of fertile shoots in three apricot cultivars, in view of the 
wide range of self-fertility and self-sterility described by both Hungarian (Nyújtó 
and Surányi, 1981) and Italian (Pugliano and Forlani, 1986) researchers, and 
which is also true of the selected trees in this study (Surányi, 1991a). 
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Materials and methods 
In spring 1980, three apricot cultivars (Magyar kajszi С. 235, Ceglédi bíborkajszi, Ceglédi 
óriás) budded on to СТ. 359 myrobalan seedlings were planted with a row spacing of 5 * 5 m. The 
soil of the orchard was good quality chernozem, with no salt accumulation in the C-level. Prior to 
planting 40 t/ha manure was applied to the 2.2 ha area. 
The traditional canopy form with groups of branches was created, and the trees were only 
pruned to a greater extent after the 5th year, in order to facilitate inter-row tillage and plant 
protection. The shoot growth, trunk diameter and phytosanitary status of 228 trees were evaluated. 
In autumn 1993 the number of trees of each cultivar which had died was the following: 
Since 1983 outstanding trees have been selected, on the basis of flowering rate, the rate of 
fruit set, fruit yield and mean fruit size, the most important parameter being yield/tree. In the case 
of cv. Magyar kajszi С. 235 the 3 trees produced a surplus of 48% compared to the mean of all the 
trees, averaged over 11 years. In the case of cultivars Ceglédi bíborkajszi and Ceglédi óriás the 
yields were 184% and 151%, respectively. 
A record was made of the start of flowering, morphological data of the flowers, yield and 
fruit size for each individual tree. In the case of selected trees, after 1983, the pistil length and the 
number of functional stamina were recorded for 5 * 40 flowers on fruiting spurs and branches of 
Magyar kajszi С. 235 and Ceglédi óriás, and these data were used to calculate the relative stamen 
number. Six weeks after anthesis, the rate (%) of open pollination was determined on the basis of 
measurements on 250-350 flowers. 
Relatively frequently, underdeveloped, small (2-3-5 mm) or even dead pistils were found 
in the flowers, so the lack of pistils was also recorded. Owing to the high rate of abnormalities in 
flower organisation a large number of abscised flowers were collected and a minimum of 1000 
flowers/cultivar were analysed (Surányi, 1991a; 1991b). The main flower morphological, 
pollination and fruit parameters were subjected to biométrie analysis, analysis of variance and 
regression analysis, according to Sváb (1981); when planning data collection the experiences and 
recommendations of Jánossy (1959) were also taken into consideration. 
In cv. Magyar kajszi С. 235 the pistil length of flowers on the fruiting 
spurs was the highest in the early years of the experiment. Following severe 
winter frost damage, the trees became weaker, so that neither the flowering 
rate nor the yield was able to increase in the mature stage. There was a 15% 
difference between the shortest and longest pistil size, whereas the variation in 
the stamen number was much less pronounced (7.6%). The relative stamen 
number, however, displayed far greater fluctuation (21.5%). In comparison to 
the present case, in older trees and in orchards at different locations far fewer 
apistillate flowers were found (Surányi, 1977; 1989; 1993). Particularly large 
numbers of apistillate flowers were formed in 1983, 1990 and 1992 (Table 1). 
Magyar kajszi С. 235 
Ceglédi bíborkajszi 
Ceglédi óriás 
14 trees 
19 trees 
27 trees 
6.1% 
8.3% 
11.8% 
Results and discussion 
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Table 1 
Comparison of apricot flowers in different years 
(1983-1993) 
Apricot cultivars 
Flower dimensions Magyar 
kajszi С. 235 
Ceglédi 
bíborkajszi 
Ceglédi 
óriás 
Mean 
Pistil length, mm 
In fallen flowers 7.6* 8.1* 8.4* 8.0* 
On average 15.6 16.9 16.6 16.5 
Stamen number 
In fallen flowers 29.6 30.0 29.9 29.8* 
On average 31.0 30.0 29.5 30.2 
Apistilly, % 
In fallen flowers 87.4 36.9 31.1 51.8 
On average 0.0 0.0 0.0 0.0 
•Significant difference 
Table 1 also contains data on the cultivar Ceglédi bíborkajszi, collected 
exclusively from fruiting spurs. These are less characteristic from the viewpoint 
of fertility, as the fruit grows mainly on fruiting branches and secondary growth. 
In extreme years, the extreme values for pistil length, stamen number and 
relative stamen number were 15.8%, 5.9% and 21.2%, respectively. The 
number of apistillate flowers was especially high in 1987; a rate of apistilly 
below 20% represents an exceptionally favourable year. 
In the case of cv. Ceglédi óriás the fruiting spurs play a more decisive role 
in fruit formation. The differences between the extreme values of pistil length, 
stamen number and relative stamen number were 10.7%, 4.9% and 15.1%, 
respectively, in years with extreme weather conditions. In 1987 and 1992, nearly 
half the flowers had no pistil, so the yield/tree dropped considerably even if 
open pollination was above 10% (Table 1). 
According to most Hungarian publications and handbooks on apricot 
production (Nyújtó and Tomcsányi, 1959; Nyújtó and Surányi, 1981) the major 
cultivars (Magyar kajszi, Rózsabarack, Ceglédi óriás, Ceglédi bíborkajszi, etc.) 
generally pollinate well and constitutional sterility is infrequent (Maliga, 1948; 
Surányi, 1977; 1991a). The low fertility rate and yield of the three apricot 
cultivars in the present study necessitated further flowering biological studies. 
To this end, in three years, the sexual organs of abscised flowers were analysed 
at the time of petal fall. 
Most of the abscised flowers of Magyar kajszi С. 235 had no pistil, 
whereas in Ceglédi bíborkajszi and Ceglédi óriás flowers with relatively well 
developed pistils abscised without being fertilised. In comparison to pistil size, 
the number of stamina was found to be a less characteristic trait, which can be 
explained by the differing correlations between the sexual organs in various 
cultivars (Resende, 1967). Whereas one of the cultivars can be regarded as 
ideal (Magyar kajszi С. 235), the other two cultivars are largely feminine 
(Surányi, 1978). 
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Apistilly exceeding 20% can be regarded as a serious problem, since it 
reduces the number of functional flowers by the same extent. At least half of the 
remaining flowers were destroyed either during bud abscission in February or 
by frost in April. The genetic traits of the cultivar, the flowering conditions and 
susceptibility to these conditions further reduce the number of flowers 
available for fertilisation. The fertility problems reported in the case of cv. 
Moniqui (Egea, 1991) may also be observed in Hungarian cultivars (e.g. Ceglédi 
óriás) in certain orchards and certain years. 
In 1984, 1985 and 1989 the pistils of flowers were studied on both 
fruiting spurs and branches, as well as on secondary growth. The rate of 
underdeveloped pistils differed not only due to the type of fruiting organ, but 
also according to cultivar, though as a whole the three cultivars differentiated 
fewer apistillate flowers than would have been expected in the years of the 
experiment. As a function of cultivars and experimental years, a very close 
correlation was established between pistil size and stamen number, a 
phenomenon which was formerly observed in both Hungarian (Surányi, 1977) 
and foreign cultivars (Surányi, 1989; 1993). The correlation between pistil size 
and apistilly was biometrically significant, i.e. in the case of cultivars with short 
pistils, there was a higher rate of constitutionally sterile flowers, though in other 
instances this was observed for cultivars developing long pistils (Nyújtó and 
Surányi, 1981). 
There were only minor differences in the number of stamina, confirming 
the fact that in apricot the winter flower bud differentiation process is extremely 
important. It seems that the differentiation and organisation processes of the 
generative organs in apricot take place extremely rapidly and cannot be 
described by correlative functions. Consequently, changes in the generative 
organs are seldom unambiguous, even if the pistils in the flower bud primordia 
died at a very early stage. There is a definite correlation between apistilly and 
stamen number for each cultivar, though the r-values are relatively low: 
Since 1983, trees with yields significantly (at least 40%) higher than that 
of average trees have been selected from the population. Table 2 contains the 
data of ten plus-variants. The lower yield is apparent especially within the 
Magyar kajszi С. 235 clone, whereas Ceglédi bíborkajszi and Ceglédi óriás had 
relatively better yields, mainly owing to the significantly smaller effective 
cropping area. The best trees were the following: 8/18 Magyar kajszi С. 235 
(197%), 21/13 Ceglédi bíborkajszi (249%) and 30/17 Ceglédi óriás (171%). 
Higher yields only caused a reduction in fruit size in the cv. Ceglédi óriás. In the 
two other cultivars, freedom from Sharka and Cytospora infection broke the 
usual correlation. 
Magyar kajszi С. 235 
Ceglédi bíborkajszi 
Ceglédi óriás 
+ 0.233 
+ 0.505 
+ 0.422 
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Table 2 
Plus variant apricot trees compared to average 
trees in an orchard in Cegléd 
(1983-1993) 
Cultivar, plus variant 
Yield 
(kg/tree) 
Fruit size 
(mm) 
cv. Magyar kajszi С. 235 
8/18 28.2 37.0 
9/18 24.2 38.1 
9/19 25.7 37.5 
Average trees 14.3 35.0 
cv. Ceglédi bíbor kajszi 
18/19 20.9 40.9 
19/19 20.1 40.2 
21/13 22.2 39.4 
Average trees 8.9 38.8 
cv. Ceglédi óriás 
21/17 24.6 39.9 
30/5 25.5 40.0 
30/17 28.8 39.3 
31/17 28.1 39.1 
Average trees 16.8 40.7 
Differences in flower morphology and pomological traits can be observed 
between the various apricot cultivars. The rate of open pollination, which 
exceeds 10%, would seem to indicate that the flowers are sufficiently fertile, but 
the number of flower primordia is reduced by winter frosts, and that of flower 
buds and fruit primordia by spring frosts. 
Ceglédi bíborkajszi has the greatest tendency to form apistillate flowers, 
though 23.4% of the flowers of Ceglédi óriás also had no pistils. On the basis of 
yield and fruit size Ceglédi óriás was found to be the best cultivar, although the 
high rate of dead trees suggests that the cultivar is very susceptible. According 
to Table 3 the differences in the generative organs are manifested only in certain 
cultivar pairs. The evaluation was also complicated by the fact that the 
cultivars studied have different ramification systems, with different types of 
branches being the most fertile. Secondary growth, for example, played a 
significant role in the fructification of cv. Ceglédi bíborkajszi, thus greatly 
enhancing the occurrence of apistilly. The Sharka and Cytospora infections 
interfered with flower differentiation (Table 3). 
Relatively small differences could be detected in the relative stamen 
numbers of the cultivars, though flowers at the end of fruiting branches had 
shorter pistils and a higher number of stamina than those on fruiting spurs. In 
Ceglédi bíborkajszi a slightly different phenomenon could be observed, as more 
than 45% of the yield was produced on secondary growth on 10-15-year-old 
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Table 3 
Comparison of average trees of three apricot cultivars in an orchard in Cegléd 
(1983-1993) 
Character Magyar Ceglédi Ceglédi L.S.D.5% 
kajszi С. 235 bíborkajszi óriás 
Pistil length, mm 15.9 16.9 16.6 0.85 
Stamen number 31.0 30.0 29.5 0.65 
Relative stamen number/mm2 1.97 1.84 1.81 0.13 
Apistilly, % 27.5 35.2 23.4 6.35 
Open pollination, % 14.0 12.2 15.2 2.12 
Yield, kg/tree (mean) 14.3 8.9 16.8 2.72 
Fruit size, mm 35.0 38.8 40.7 1.88 
Dead trees, % 13.5 14.0 37.1 
-
trees, indicating that these flowers are more fertile than expected. Ceglédi óriás 
is also a more-or-less feminine cultivar (Surányi, 1977), bearing the most fertile 
flowers on fruiting branches. In the case of Magyar kajszi С. 235 such 
differences were not observed. 
There is a negative correlation between stamen number and open 
pollination which can best be described by a hyperbolic mathematical function. 
The correlation is significant at the 2% level. The selected trees, multiplied in 
1994, will be further studied in a micro-clone experiment, in the hope that 
some of the variants will indeed prove to have favourable characters. Owing to 
the large area on which these cultivars are produced, an average yield increase 
of as little as 20% would lead to a rapid return of research costs. 
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ROLE OF THE OBTURATOR IN POLLEN TUBE ENTRY INTO 
THE OVARY IN WHEAT-BARLEY CROSSES 
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The obturator, which is a transmitting tissue between the stigma and the ovary, is 
reported to play a critical role in controlling the direction of pollen tube growth by 
secreting chemotactic exudates. Changes in the obturator in wheat-barley crosses were 
investigated and related to pollen tube growth in this region. Immediately after seifing in 
wheat and barley, insoluble carbohydrates were produced in the extra-ovarian region and 
in the obturator through which the pollen tube had to pass. In crosses between wheat ((J)) 
and barley (0"), in the initial hours after pollination there was no staining in the obturator 
region, though there was uniform staining of the extra-ovarian region. Pollen tube growth 
is also reported to be slow in this cross (Kodali and Khanna, 1994). Delay in the 
production of secretions in the obturator region may be responsible for the loss or 
reduction of seed set in this cross. In the reciprocal cross, immediately after pollination, 
the obturator was lightly stained and the extra-ovarian tissue was also stained. This may 
have resulted in the timely entry of pollen tubes into the micropyle, through the obturator. 
This may be the reason for the greater seed formation in this cross (Kodali and Khanna, 
1994). The secretion of proteins was delayed in the obturator cells of the crosses as 
compared to the selfings. Later, from 48 hours after pollination onwards, there was no 
protein staining with Coomassie brilliant blue. It thus seems that once pollen tube 
movement is delayed in the initial period after pollination, fertilization may be prevented 
due to the lack of secretion of protein at the later stages, resulting in reduced or no seed set 
in wheat-barley crosses. In selfings or barley * wheat crosses callose was not present till 
72 hours after pollination, but callose was localized at the micropylar end after 8 hours and 
in the entire ovule after 24 hours in the wheat * barley cross. The presence of callose 
suggests the prevention of pollen tube growth. 
Key words: wheat, barley, pollen, pollen tube, obturator, callose, insoluble 
carbohydrates, protein 
Introduction 
Siphonogamy emerges as a well adapted system for the control of pollen 
tube growth by the female sporophyte (Heslop-Harrison, 1983). While this view 
is confirmed by much of the work that has been done concerning pollen tube 
growth in the style (Went and Willemse, 1984) there is a paucity of data 
regarding pollen tube growth in the ovary region. Indeed, the question of the 
route taken by the tube through the ovary after leaving the style is still to be 
answered (Knox, 1984). 
The obturator is a protuberance of tissue on the carpellary wall, facing the 
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micropyle (Fig. la). This tissue is continuous with and of the same cytohistology 
as, the transmitting tissue from the style (Sterling, 1964). The presence of 
transfer cells in this area (Johnson et al., 1975) leads Peterson et al. (1979) to 
hypothesize that they could play a role in pollen tube guidance. However, a 
detailed study of pollen tube growth in this area is so far lacking. Information is 
also missing on any possible changes in this region accompanying pollen tube 
growth. This paper reports on the relationship of the changes in the obturator to 
pollen tube growth in this region in relation to poor seed set in wheat-barley 
crosses. 
Materials and methods 
The experimental material used in the present study consisted of one variety each of 
hexaploid wheat (Triticum aestivum L. en. Thell.) and diploid barley (Hordeum vulgare L. emend. 
Lam.), i.e. UP 2113 and Karan 16, respectively. 
The seeds were planted on two different dates, i.e. Dec. 5 and Dec. 16, 1991. Emasculation 
was done between 9 a.m. and 3 p.m. on randomly selected plants. The two parents were selfed as 
well as being crossed in both directions. Pollinations were performed in the months of February 
and March, 1992 and care was taken to avoid any damage to the stigma or the ovaries. Twenty 
four hours after emasculation, when the stigmas were feathery and receptive, the pistils were hand-
pollinated by dusting the pollen from dehiscing anthers of the male parents. The pistils were then 
collected at 1,2, 4, 8, 24, 48 and 72 hours after pollination and fixed immediately. The material 
was fixed for 2 hours and then preserved in 70 % ethanol (Morrison et al., 1959). Dehydration, 
infiltration and embedding were performed according to the ethanol tertiary butanol paraffin 
schedule of Sass (1958). 
For microtomy a Spencer rotary microtome was used. The material embedded in wax was 
cut to 7 micro thickness. The paraffin ribbons affixed with Mayer's adhesive (1983) were stained 
with safranin, crystal violet and light green according to Gerlach (1969), and with aniline blue for 
callose staining. They were also separately stained with periodic acid-Schiffs reagent (Feder and 
O'Brien, 1968) for insoluble carbohydrates and with Coomassie brilliant blue (Fisher, 1968) for 
proteins. Permanent slides were prepared with neutral balsam and the photomicrographs were 
taken with the help of a Polyvar microscope at a magnification of xlOO. 
Results 
After pollination in wheat, barley and wheat-barley crosses, the secretions 
produced in the cells of the style, the obturator and the ovule were studied at 1, 
2, 4, 8, 24, 48 and 72 h after pollination, in longitudinal sections of the ovary. 
In this study emphasis has been given to the obturator, an organ of special 
significance, which facilitates the entry of the pollen tube into the ovule. The 
obturator is a protuberance of tissue on the carpellary wall, of the same 
cytohistology as the transmitting tissue from the style (Sterling, 1964). Usually, 
it is a swelling of the placenta which grows towards the micropyle and fits like a 
hood or canopy over the nucellus, serving as a sort of bridge for the pollen tube. 
Often, the cells of the obturator may be greatly elongated or may have a 
glandular appearance. 
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Fig. I. A portion of the ovule and obturator cells (x 100) 
a: 2h after selfing in wheat (PAS stain); b: 2h after wheat-barley cross (PAS stain); 
c: 4h after wheat-barley cross (PAS stain); d: 4h after wheat-barley cross (aniline blue stain) 
(ob: obturator; ov: ovule) 
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Periodic acid-Schiffs reagent (PAS) staining for insoluble carbohydrates 
In the case of selfing of wheat, the results were similar at 1 h to 2 h after 
pollination. The extra-ovarian portion along with the obturator stained violet. 
From 4-72 h after pollination, the extra-ovarian portion along with the obturator 
was stained, but the ovule was only lightly stained. 
When barley was selfed, there was a consistent presence of starch in the 
extra-ovarian portion and the obturator from 1-72 h after pollination. 
In wheat x barley, from 1-4 h post-pollination there was no staining of 
the obturator, but some parts of the central portion of the ovule were lightly 
stained. From 8-72 h after pollination some inner parts of the ovule and the 
extra-ovarian portion including the obturator were stained. 
In barley * wheat, different results were obtained. From 1-8 h post-
pollination, the obturator as well as the inner part of the ovule were lightly 
stained. The extra-ovarian tissues were also stained. At 24-72 h post-
pollination, insoluble carbohydrates were present on the entire extra-ovarian 
tissue along with certain inner parts of the ovule. 
Coomassie brilliant blue staining for proteins 
In the case of selfing of wheat and barley, from 1-72 h after pollination, a 
constant and uniform staining was observed in the extra-ovarian tissues 
including the obturator and the ovule. 
In wheat * barley, from 1-2 h post-pollination the inner part of the ovule 
showed light staining but the obturator was not stained. From 4-24 h there was 
uniform staining including the obturator, but from 48-72 h there was again no 
protein staining in the obturator. 
In barley x wheat the results were different. From 1-8 h after pollination 
there was no protein in the obturator. At 24-48 h there was uniform staining. By 
the end of 72 h there was a complete elimination of protein. 
Aniline blue staining for callose 
Aniline blue indicates the presence of callose, a cell wall polysaccharide 
consisting mainly of ß-1,3 glucan but which may also contain ß-1,4 glucosidic 
linkages. 
In wheat or barley selfing, there was no staining in the ovary or the style 
from 1-72 h post-pollination with aniline blue, indicating the absence of callose. 
In wheat x barley there was no staining from 1-4 h post-pollination. By 8 
h only the micropylar side of the ovule was stained. This was followed by dark 
staining of the ovule from 24-72 h after pollination. 
In the reciprocal cross there was no staining from 1-72 h post-pollination 
in the extra-ovarian part. Only the ovule took a dark stain. 
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Discussion 
In the case of selfing of wheat and barley, immediately after pollination 
insoluble carbohydrates were produced in the extra-ovarian region and in the 
obturator through which the pollen tube had to pass (Fig. la). This shows that 
the pistil and ovule were immediately prepared for pollen tube growth and the 
fertilization process. According to Pope (1937), in Hordeum distichum pollen 
germinated within 5 minutes after reaching the stigma and reached the 
micropyle in 40 minutes. 
In crosses between wheat (0) and barley (Ő), in the initial hours after 
pollination there was no staining for insoluble carbohydrates in the obturator 
region, though the inner part of the ovule was lightly stained and there was a 
uniform presence of stain in the extra-ovarian tissues (Fig.lb). The fact that 
pollen tube growth in the wheat x barley cross is slower than in either the 
reciprocal cross or the selfing (Kodali and Khanna, 1994) may be caused by the 
lack of secretions in the obturator during the initial hours of pollination, which 
means that it is not ready to permit pollen tubes to pass through it. 
From 8 to 72 hours after pollination in the wheat-barley cross, the 
obturator, the extra-ovarian region and some inner parts of the ovule showed the 
presence of insoluble carbohydrates. Delay in the production of secretions in the 
obturator region, in comparison to selfing, may result in the loss or reduction of 
seed set in wheat x barley crosses. In the reciprocal cross, for the first 8 hours 
after pollination the obturator and the inner part of the ovule were lightly stained 
(Fig. lc). This may have resulted in an earlier entry of pollen tubes through the 
obturator into the micropyle. This may be the reason for the greater seed set in 
the barley x wheat cross than in its reciprocal (Kodali and Khanna, 1994). There 
was a uniform presence of insoluble carbohydrates in the obturator, extra-
ovarian tissue and the inner parts of the ovule from 24-72 hours after 
pollination. 
On selfing wheat or barley, there was a uniform presence of protein in the 
obturator, the extra-ovarian tissue and the ovule from 1-72 hours after 
pollination. In the wheat x barley cross there was no protein in the obturator 1 - 2 
hours after pollination, but in the reciprocal cross this condition persisted up to 
8 hours. There was a uniform staining for protein from 4-24 hours in the wheat 
x barley cross and from 24-48 hours after pollination in the reciprocal cross. 
This shows delayed secretion of proteins in the obturator cells. This may delay 
the growth of pollen tubes towards the egg, resulting in less seed in these 
crosses as compared to the selfings. Finally, there was no protein from 48-72 
hours in the wheat x barley cross and at 72 hours after pollination in the 
reciprocal cross. Thus, once pollen tube movement is delayed during the initial 
period after pollination due to lack of protein secretions at early stages, 
fertilization may be prevented, resulting in less or no seed set. 
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There was no staining with aniline blue for callose up to 72 hours after 
pollination when selfing either wheat or barley. In the wheat x barley cross, 
callose was localized at the micropylar end 8 hours after pollination (Fig. Id). 
Fertilization in barley takes place within 6 hours of pollination (Pope, 1937), so 
the presence of callose within 8 hours at the micropylar end suggests that no 
more pollen tubes can enter it. Also, an increase in the empty spaces outside the 
central cells of the ovule is an indication that the cell cytoplasm is going to 
degenerate and will eventually shrink. After this period, the whole ovule 
becomes deeply stained, showing the presence of callose. This results in the 
degeneration and shrinking of the ovule and no seed is formed. In the barley x 
wheat cross, since fertilization is slightly delayed as compared to the reciprocal 
cross, no callose was seen until 72 hours after pollination. 
The obturator appears to have a significant role in pollen tube nutrition in 
wheat and barley. A chemotropic role has been postulated in Caltha palustris 
for the obturator based on the observations that transfer cells were present 
(Peterson et al., 1979), that secretion occurred in Ornithogalum caudatum and 
Glycine max and that the pollen tubes grow along its surface (Tilton and Horner, 
1980; Tilton et al., 1984). The results presented here show that, in wheat and 
barley, changes in the obturator involve the production of secretions. Similar 
situations have been described in Petunia (Herrero and Dickinson, 1979) and in 
Prunus (Arbeloa and Herrero, 1987). 
The growth of the pollen tubes on the obturator depends on the presence 
of secretions. The dependence of the pollen tube on the secretions, together with 
the fact that secretions are not continuous, gives the obturator a significant role 
in controlling communication from the style to the ovary in wheat and barley 
and their crosses. Thus, the obturator will act as a temporary bridge connecting 
the ovary with the style. Connection is established only during the secretion 
phase, because before this takes place the obturator is unable to support pollen 
tube growth. Nor is growth possible later when the obturator gets filled with 
callose or degenerates, isolating the ovary region again. Similar reports have 
been published for Prunus (Arbeloa and Herrero, 1987). A different mechanism 
relating to the control of pollen tube entrance into the ovary has been describe in 
Zea mays (Heslop-Harrison and Reger, 1985), in which the first pollen tubes 
entering the ovary wall induce a loss of turgidity in the cells at the base of the 
style that prevents other tubes from entering this region. 
According to Tilton et al. (1984), in the lower (ovarian) transmitting 
tissue the obturator in soybean might control the direction of pollen tube growth 
by secreting a chemotactic exudate. Evidence for such possible control is 
provided by the fact that pollen tubes emerging from the style grow only 
towards the obturator and then subsequently grow only along the obturator 
surface. This directionality occurs without any mechanical or physical 
intervention by an anatomical structure. This condition in soybeans is similar to 
that in Ornithogalum (Tilton and Horner, 1980), although the obturator in 
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Ornithogalum is more extensive. However, the very elaborate and extensive 
obturators of Arum, Atherurus, Daphane, Euphorbia, Lychnis and Phytolacca 
(Dalmer, 1980) probably contribute to the directional control of pollen tube 
growth physically by means of their anatomy, as well as by possible chemotactic 
agents in their exudates. 
Although the large amount of exudate secreted by the upper transmitting 
tissue is sufficient to support the vigorous and continued growth of many pollen 
tubes, a large proportion of the tubes atrophy and die within the style and do not 
reach the ovary. Based on evidence from studies correlating pollen tube growth 
rates and F| vigour in maize (Mulcahy, 1974; Ottaviano et al., 1980), Tilton et 
al. (1984) attribute this phenomenon in soybeans to natural selection, i.e. to 
pollen tube competition in terms of growth rate and the genetic superiority of 
gametophytes able to outgrow other individuals and effect fertilization. 
The regulation of fertilization has proved to be remarkably complex, 
involving various kinds of controls imposed at different levels, including 
various direct interactions between male and female gametophytes that 
determine whether fertilization will or will not be effected (Heslop-Harrison and 
Heslop-Harrison, 1985). 
The evidence presented here provides a mechanism operating in the 
obturator that controls the entrance of pollen tubes into the ovary and which 
might play a significant part in the regulation of fertilization in wheat-barley 
crosses. 
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EFFECTS OF TILLAGE, FERTILIZATION, PLANT DENSITY 
AND IRRIGATION ON MAIZE (ZEA MAYS L.) YIELDS 
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After an evaluation of crop production factors (tillage, irrigation, plant density and 
fertilization), the individual effects of each factor, the interaction between irrigation and 
fertilization, and that between plant density and fertilization proved to be significant. On 
the basis of the experiments it was established that these two interactions are positive, 
independent of the weather conditions, and that the direction of their effect is the same 
each year, though the degree of their effect varies The individual plant cultivation factors 
contributed to yield increase in the following proportions: fertilization, 48%, irrigation, 
28%, tillage, 18%, and plant density, 6%. The results indicate that the plant cultivation 
factors are related to each other. The irrigation - fertilization and plant density -
fertilization interactions are positive, and accordingly all three factors have to be adjusted 
simultaneously when production levels are changed. When disaggregating the variance 
components, the major averages showed a mid-tech level of production. When 
considering a shift to low-input production it should be considered that a decrease in the 
use of one production factor reduces the effects of the others; relatively high amounts 
invested in the other factors will not be effective. No matter what production level is 
targeted the most favourable interactions of water, nutrient supply and plant density have 
to be simultaneously assured. 
Key words: Zea mays, irrigation, fertilization, plant density 
Introduction 
The yield of a crop depends not only on ecological, genetic and 
technological factors, but on their interactions as well. In research, the evaluation 
of both the individual effects of the factors and their joint effects is necessary. The 
joint effects of different plant cultivation factors were estimated by Győrffy 
(1976), who found that the largest yield increase is achieved when the most 
important plant production factors are at their optimal levels. The yields of maize 
hybrids grown using deep tillage, fertilization and a low plant density may be four 
times those of open pollinated varieties under contrasting conditions. Győrffy 
(1991) found that various factors contributed to yield increases in the following 
proportions: fertilization 27%, variety 26%, weed control 24%, plant density, 
20%, and deep tillage, 3%. Tillage has an effect on soil structure, the activity of 
micro-organisms, soil management of water, air, heat and nutrients, and other 
physical, chemical and biological qualities of the soil (Surányi, 1957; Sipos, 
1968; Győrffy and Szabó, 1969; Birkás, 1992). 
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Győrffy (1976) supported Russell 's statement that the major aim of soil 
cultivation should be to provide quality seed-beds, thus allowing for the 
establishment of a complete plant stand (Russell, 1974). The crucial effect of 
fertilization on the yield of maize hybrids has been shown by Berzsenyi (1993). 
Interactions which involved environmental effects proved to be the most 
significant. The importance of plant density was shown by Berzsenyi-Janosits 
(1953) and I'só (1958). In Hungary the share of hybrids with a shorter growing 
season has increased since 1990, and plant density per hectare has considerably 
decreased, primarily as a result of droughts in the early 1990's (Menyhért, 1985; 
Ruzsányi, 1993). 
In certain parts of Hungary, irrigation will be increasingly necessary in 
order to reduce yield risks in maize production (Szőke Molnár, 1977). If 
precipitation and other contributors to soil moisture cannot provide the necessary 
amount of water for the plant, irrigation has to be provided (Petrasovits, 1969). 
Fertilizers and soil-based nutrients are used more efficiently when soil moisture 
content is optimal. Olson et al. (1965) indicated that fertilization increases the 
efficiency of water utilization, but that fertilization cannot replace water. Water 
supply and fertilization play a decisive role in maize production and the 
interactions of the factors are especially important in drought years (Bocz, 1978; 
Debreczeni and Debreczeniné, 1983). The joint effect of fertilization and 
irrigation may be 3-4 times that of fertilization alone and 1.5 times that of 
irrigation alone (Ruzsányi, 1993). A tolerable variation in the yield of hybrids can 
only be assured in the case of an adequate water supply (Nagy, 1996). 
The experiments were carried out at the Látókép Experimental Station of Debrecen 
Agricultural University. Debrecen is situated on the Great Hungarian Plain, in the Eastern part of 
the country, at 47°30' latitude and 21°30' longitude. The height of the region above sea-level is 
118 m (Adriatic). 
At the Experimental Farm of the Department of Crop Science and Land Use we 
examined the effect of plant cultivation factors on the yield of maize. The multifactorial 
experiments allow the evaluation of the effects of fertilization, tillage, plant density and 
irrigation. The experiments included adjacent irrigated and non-irrigated blocks (5376 m2). The 
former was provided with water in the following amounts, enough to satisfy crop demands for 
water: 1990, 100 mm; 1991, 60 mm; 1992, 170 ram; 1993, 120 mm; 1994, 110 mm. These were 
then divided into ploughed and unploughed areas. 
These major blocks were then subdivided for each hybrid; in turn, these were divided to 
al low for different fertilizer/plant density treatments. In all, there were four random repetitions of 
each combination of treatments, each on a 448 m2 plot. The maize hybrids examined were Volga 
SC, Pannónia SC and Dekalb 524 SC. 
Materials and methods 
Treatments 
Tillage 0 = without ploughing 
1 = winter ploughing 
0 = non-irrigated 
1 = irrigated 
Irrigation 
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Fertilization 
Plant density 0 = 60,000 plants/ha 
1 = 80,000 plants/ha 
0 = without fertilization 
1 = 120 N + 90 P2O5 + 106 K 2 0 kg/ha 
Soil characteristics 
The soil of the Experimental Farm is chernozem patched with l ime, developed f rom a 
loess soil. It has moderate supplies of N and P and a high К content (humus content = 2 .8 -3 .0%, 
N = 0.14-0.18%, AL-P2O5 = 130-200 mg/kg, A L - K 2 0 = 240-280 mg/kg). The thickness of the 
humus layer is 7 0 - 9 0 cm; the pH value is 6.2. A shortage of microelements cannot be 
demonstrated. The groundwater level is between 6 and 8 m. The field capacity (WHCmin) of the 
soil is 27-29 vol. %. The soil layers between 0-100 cm and 100-200 cm are capable of storing 
275 mm and 265 m m of water, respectively. The available water contents of the layers are 157 
mm and 150 mm, respectively. 
Weather characteristics 
The amount of precipitation f rom the pre-crop harvest until the sowing of maize w a s as 
follows: 1990, 138; 1991, 259; 1992, 92; 1993, 321; 1994, 290 mm. The amount of precipitation 
in the growing season was: 1990,173; 1991,338; 1992, 152; 1993, 200; 1994, 151 mm. 
The statistical model used was a variation of the Box and Wilson (1951) methods. The 
data was evaluated using analysis of variance methods (Sváb, 1981; John, 1971; Winer, 1971). 
The Box and Cox (1964) method was used to stabilize the variance of the cells. Max imum 
likelihood methods were used to disaggregate the variance components. A mixed fixed-random 
effects model was used to estimate the effects, as suggested by Huzsvai (1994). The fixed effects 
are zero; the random effects are assumed to be independently and normally distributed with an 
expected value of zero. While estimating the treatment effects it was assumed that the variance 
components were zero. The parameter of the test has a chi-square distribution; the fixed effects 
and the variance of the random effects were estimated. In order to evaluate the joint effects of 
factors, two treatment levels were chosen from the database of the different treatments applied. 
With this method, the conditions of independence and symmetry hold and a two-sided test may 
be used to estimate the effects and their significance. When designing the model , the effects were 
assumed to be fixed and the estimates were improved step by step with the help of a - 2 log 
maximum likelihood parameter. The hybrids within the real repetitions were considered 
repetitions themselves as they differed with respect to average yield; they appear among the 
random effects. The evaluation was done on an IBM 486 D X with the 1988 version of the B M D P 
Statistical Software. 
The main production factors influencing maize yield are: fertilization, 
tillage, plant density and irrigation. In a multifactorial experiment after an 
evaluation of these crop production factors, their individual effects and the 
interaction between irrigation and fertilization and that between plant density and 
fertilization proved to be significant. The joint effects of tillage, irrigation, plant 
density and fertilization were quantified using A N O V A methods. When evaluating 
the data only effects and interactions not related to weather and interactions valid 
every year were examined. 
Results and discussion 
Acta Agronomica Hungarica 44, 1996 
350 J. NAGY 
The symmetric effects of the treatments were estimated in relation to the 
major average of the experiment. The model design can be seen in Table 1, which 
includes all treatments and the interactions between irrigation and fertilization, 
and plant density and fertilization. These two interactions were not related to 
weather and the direction of their effect was the same each year. The congruency 
of the direction of the effects does not mean a congruency of their degree. For the 
evaluation of the significance of the effects a two-sided symmetrical test was used. 
The values of the test can be found in the last column of Table 1. 
During the 5-year period the major average of the experiment was 8.159 
t/ha, a value which serves as a comparison point for the treatment averages. The 
effect of tillage was 560 kg/ha; winter ploughing in the 6 years increased the yield 
by an average of 560 kg/ha. When preparing the soil without ploughing the yield 
decreased by the same amount; the difference in yield increase between the two 
types of soil cultivation was 1120 kg/ha. 
The yield increase due to irrigation was 869 kg/ha, and without irrigation 
the yield decreased by the same amount. The effects of both tillage and irrigation 
were significant at p = 0.01. 
The effect of plant density was 185 kg/ha. During the 5 years lower plant 
density (60,000/ha) was more favourable for the achievement of high yields; a 
plant density of 80,000/ha density resulted in a fall in yield due to the drought 
years analysed. High density planting involves great risks. The effect of plant 
density was significant at p = 0.05. 
By examining the effect of fertilization we have come to the conclusion that 
no fertilization results in a considerable yield loss (1541 kg/ha), while applying a 
fertilizer dosage of 120 kg N + 90 kg P 2 0 5 + 106 kg K 2 0 increases yield by a 
similar amount. Fertilization had the biggest effect on yield every year. This effect 
was significant at p = 0.001. Comparing the yield averages estimated by the 
model with the actual values, the model estimates yield results with great accuracy 
(see Table 2). 
Table 1 
Results of the analysis of variance components. Debrecen, 1990-1994 
Treatments Estimated Dispersion Significance' 
Fix 
Tillage 
Irrigation 
Plant density 
Fertilization 
8.159 
0.560 
-0.869 
0.183 
-1.541 
0.448 
0.151 
0.000 
0.093 
0.093 
0.093 
0.093 
0.093 
0.093 
0.093 
0.000 
0.000 
0.000 
0.000 
0.048 
0.000 
0.000 
0.100 
Irrigation x Fertilization ( 
Plant density x Fertilization ( 
Replicates ( 
Test parameter = -21ogÁ = 2557.5 
Significant at P = 0.05 level 
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Table 2 
Yield results estimated by the model. Debrecen, 1990-1994 
Cells Actual Estimated 
T I p F yield, t/ha 
1 0 0 0 6.878 7.091 
1 0 0 1 8.728 8.974 
1 0 1 0 6.701 6.422 
1 0 1 1 8.941 8.911 
0 0 0 0 5.984 5.971 
0 0 0 1 8.098 7.855 
0 0 1 0 5.223 5.302 
0 0 1 1 7.764 7.791 
1 ! 0 0 8.009 7.932 
1 1 0 1 11.570 11.607 
1 1 1 0 7.137 7.263 
1 1 1 1 11.817 11.544 
0 1 0 0 6.985 6.812 
0 1 0 1 10.529 10.488 
0 I 1 0 6.019 6.143 
0 1 1 1 10.148 10.424 
T = Tillage, I = Irrigation, P = Plant density, F = Fertilization 
Interaction between irrigation and fertilization 
In addition to allowing the estimation of the effects of individual factors, 
the method used also allows the quantification of important interactions 
between the factors. The model included two interactions, one being between 
irrigation and fertilization. The efficiency of fertilization was established to be 
dependent on irrigation, but the direction of the effect was the same for both 
irrigation treatments. The opposite of this statement is also true; the efficiency 
of irrigation depends on the level of fertilization; as these two statements are 
symmetrical a causal chain cannot be established. The joint effect of 
fertilization and irrigation was also estimated. In treatments without fertilization 
the omission of irrigation resulted in a 869 kg/ha yield loss, but in the case of 
the yield produced at a lower nutrient level due to the interactions, this yield 
loss was only 421 kg/ha. Irrigation cannot exert as strong a yield-increasing 
effect and the yield response to irrigation is less. At a lower level of nutrients 
the effect of the change in the state of the water supply is less significant. In 
fertilized treatments the direction of the interactions changed and the effect of 
irrigation increased in both irrigation treatments. In the case of a high level of 
nutrient supply the omission of irrigation had a greater effect (-1317 kg/ha); the 
yield-increasing effect of irrigation increased to 1317 kg/ha. When water supply 
is varied the higher level of nutrient supply causes increases in yield fluctuation. 
Similar statements with respect to the effect of irrigation are also true. In 
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treatments with no irrigation the effect of fertilization was only 1093 kg/ha. In 
treatments with no irrigation the effect of altering the fertilizer dosages on yield 
becomes smaller. In irrigated plots the effect of fertilization is higher (1989 
kg/ha) and the effect of altering dosages of fertilizer on the yield increases. The 
omission of fertilization results in a considerable yield loss, while the 
application of fertilizers results in a considerable yield increase. The results 
show that the effects of irrigation and fertilization are positively correlated and 
significant at p=0.001. Their positive interaction means that altering both factors 
in the same direction results in their reinforcing each other, thus giving a 
positive value, while altering the two factors in opposite directions reduces 
existing effects and in the end results in negative values. 
Interaction between plant density and fertilization 
The other interaction evaluated was that between plant density and 
fertilization. It was established that the effect of plant density depends on 
fertilization and the effect can be quantified. 
Lowering plant density has a yield-increasing effect. This effect is greater 
on plots without fertilization; the yield response increases from 183 kg/ha to 334 
kg/ha. In the case of a lower level of nutrient supply there is a great difference 
between yields for the two plant densities. Production with a high plant density 
results in a much lower yield. In fertilized plots this effect decreases to 32 kg/ha. 
Fertilization eliminates the difference between the two plant densities. In the 
case of the low plant density, the effect of fertilization is reduced from 1541 to 
1390 kg/ha. The reduction is slight and is significant only at p = 0.1 In the case 
of high plant density the effect of fertilization increases to 1692 kg/ha. At this 
plant density, changing the amount of nutrients supplied increases fluctuations 
in yield. The climate in the last few years in Hungary has not been favourable 
for production using high plant densities. 
Both interactions were found to be positive. Changing the treatments in 
the same direction increases their effect on yield. Our research results 
correspond with those of Győrffy (1986) and Berzsenyi (1993): varying the use 
of one factor in plant production will not achieve the most favourable result. 
Interventions in production are not independent of each other; varying one 
factor should be accompanied by variation of others so as to give the most 
efficient production. 
The roles of the production factors in increasing yield increase are the 
following: fertilization, 48%, irrigation, 28%, tillage, 18%, and plant density, 
6% (see Fig. 1). 
The major average of maize yields in the experiment was 8.159 t/ha. The 
extreme values were 5.303 t/ha (unploughed, non-irrigated, unfertilized, 80,000 
plants/ha) and 11.609 t/ha (ploughed, irrigated, fertilized, 60,000 plants/ha). 
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Tillage 
1120 Irrigation 
1740 
Control 
5 3 0 3 
Fertilization 
 
Plant density 
3 7 0 
3080 
Fig. 1. Evaluation of effect of production factors on maize yields (kg/ha). Debrecen, 1990-1994. 
Control: without ploughing, non-irrigated, without fertilization, 80,000 plants/ha; Tillage: winter 
ploughing; Irrigation: 110 mm irrigation water/year; Fertilization: N 120, P2O5 90, K2O 60 kg/ha; 
Plant density: 60,000 plants/ha 
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Residues of some persistent triazine herbicides, such as atrazine, simazine, 
prometryn, terbutryn and the chloroacetanilide herbicide alachlor were determined in 
different soil types and subtypes in order to make a real and general assessment of the soil 
status in Vojvodina Province with respect to herbicide contamination. Samples of 926 
soils in the region were collected from a depth of 0 - 3 0 cm representing uniform 
distribution, pédologie characteristics and ownership (public or private). The samples were 
extracted by SFE (Supercritical Fluid Extraction) and analysed with a gas Chromatograph 
equipped with N P D (nitrogen-phosphorus detector). Atrazine residues were detected in 
64% of the samples, especially on territories where maize was grown in a monoculture. 
Similar results were found in the case of alachlor herbicides. The comparison of the 
average mean values of positive findings shows that ail values are far below the legally 
permitted limits, thus enabling the production of food safe for health. 
Key words: herbicide residues, supercritical fluid extraction, soil monitoring, 
environmental protection 
Introduction 
The environmental fate of herbicides is related to their chemical and 
physical properties, application the rates, frequency of use, methods of 
application, abiotic and biotic characteristics of the environment, and 
meteorological conditions (Klingman et al., 1982). The half life of herbicides 
ranges from 1 month (e.g. 2,4-D) to 3 - 1 2 months (e.g. atrazine, trifuralin), or 
more than 1 year (e.g. picloram) (Anderson and Barrett, 1985) at their 
recommended rates (presently f rom 4.5 g to 3 kg active ingredient per hectare). 
Persistence can be extended under certain use conditions, for example, high soil 
pH (Agriculture Canada, 1989) or low soil moisture (Anderson and Barrett, 
1985). Since some herbicides such as atrazine (Woodwell, 1967) and 
chlorsulphuron (Anderson and Barrett, 1985) and their metabolites can exhibit 
persistent and toxic properties, residues can be accumulated up to a toxic level 
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due to consecutive treatments. Considering the above and the fact that herbicide 
residues in the soil can enter the food chain through plants (Jacobsen et al., 
1991), the level of herbicides in soils has significant importance f rom the aspect 
of producing herbicide residue-free food. 
Agricultural production is a major factor in Vojvodina ' s economy and 
export. The export of agricultural products, especially to developed countries, is 
the subject of strict regulations concerning herbicide residues, which are tending 
to be even more intensified. It can be concluded that the mapping and 
observation of herbicide residues in soils is significant not only for ecological 
and health protection, but also for the economy. 
Recently, interest in the use of supercritical fluid extraction (SFE) in the 
field of herbicide residue analysis has increased considerably. This technique 
has been applied for the extraction of herbicides and/or their metabolites from 
soil matrices. Shah et al. (1990) studied the chromatographic elution patterns of 
solutions of triazine herbicides using on-line supercritical fluid chromatography. 
Herbicides extracted from soil using supercritical ССЬ were diuron and linuron 
(McNally and Wheeler, 1988a), sulfometuron (McNally and Wheeler, 1988b), 
2,4-D and metribuzin (Rochette et al., 1991), fluometuron (Locke, 1993), 
chlorophenoxy acid herbicides (Lopez-Avila et al., 1993), and cyanazine and 
atrazine (Knipe et al., 1991). Others have extracted triazine, phenoxy, and urea 
herbicides from soil using supercritical methanol extraction (Capriel et al., 
1986). In general, SFE provides superior extraction efficiency and offers a 
number of potential advantages compared to conventional solvent extraction 
methods for isolating herbicide residues from biological and environmental 
sample matrices. This advantage is primarily based on the enhanced solvating 
power of supercritical fluids above their critical points and their lower 
viscosities and higher diffusatives relative to liquid solvents (Hawthorne, 1990). 
Conventional solvent-based methods of extraction have been used for 
quantitative recoveries of many herbicides from soils. However, by using 
radiotracer techniques, it has been demonstrated that these classical or 
traditional techniques of extraction for certain pesticides and herbicides do not 
always remove all of the residues from soil, plants and food products (Huber 
and Otto, 1983; Khan and Dupont, 1987). Therefore, it is likely that in routine 
herbicide monitoring programmes the total herbicide residues in various 
matrices have been underestimated. Hence, SFE may be a useful tool in the 
determination of these non-extractable residues often referred to as "bound 
residues". 
In Yugoslavia, several authors have studied pesticide residues in soils 
(Vojinovic, 1975; Lazic et al., 1992) using the traditional solvent extraction 
methods. However, residue analysis has not been carried out systematically 
either in the Vojvodina Province, or even in Central and Eastern Europe. 
Consequently, our aim was to make a real and general assessment of the present 
soil status in Vojvodina with respect to herbicide contamination. The objective 
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of this study was to determine residues of persistent triazine herbicides and 
alachlor (a representative of the acetanilide herbicides) in different soil types 
and subtypes using SFE techniques. 
Materials and methods 
Soil samples 
In order to make a general assessment of the soil status in the Vojvodina Province, 1500 
samples were collected from representative sites arranged in a regular pattern over the entire 
territory of the Province, out of which 926 were analysed in this study. The pattern included the 
important geomorphologica! units, soil types and subtypes, plots of private farmers and state 
farms, and irrigation systems. Each sample represented about 4 km2 of the territory. Soil samples 
were taken at depths ranging from 0 to 30 cm. The samples were studied for the residues of 
triazine herbicides, such as atrazine, simazine, prometryn and terbutryn, and of the acetanilide 
alachlor. The soil was air-dried (to approximately 6% moisture content) and then sieved to 
uniform 1 mm size. Air-dried samples were ground with a mortar and pestle and stored at 4°C 
until extraction, for approximately 1 month. 
Supercritical fluid extraction 
A Hewlett-Packard Model 7680A supercritical fluid extractor (Hewlett-Packard Co., 
Avondale, PA) was used for all extractions. Soil subsamples were prepared using a "sandwich" 
packing technique, including 0.5 g quartz-sand (Merck, Cat. No. 7712) on the base and upper side 
of the air-dried 7 g soil sample, with 0.5 ml modifier (absolute methanol) and 0.25 pg/ml 
chlorpyriphos as an internal standard according to Omura et al. (1991). General SFE conditions 
included 1 ml/min C 0 2 flow rate at 30 ml C 0 2 per each sample, 45 °C extraction chamber 
temperature, 45 °C nozzle temperature, 15 °C trap temperature, 1 ml methanol as a solvent for 
rinsing, SFC grade C 0 2 at a density of 0.85 g/ml, ODS (octadecyl) analyte trap material, and static 
and dynamic extraction times of 10 and 30 min, respectively. The extracted material was removed 
from the trap with 1 ml methanol rinse at 0.5 ml/min flow rate. The trap temperature during the 
rinse was 60 °C. 
All extracts were analysed with a Hewlett-Packard 5890 Series II gas Chromatograph 
equipped with a nitrogen-phosphorus detector (NPD), according to the methods described by Firor 
(1990), Omura et al. (1991) and Vörösbaranyi (1993). The injections were performed with 2 pi 
extract using an HP 7673A autosampler in the splitless mode (valve time 1 min) into a 30 m length 
x 0.25 mm i.d., 0.25 pm film thickness, PTE-5 fused-silica gel capillary column. Helium was used 
as a carrier gas at a flow rate of 0.87 ml/min. The injector temperature was maintained at 250 °C. 
The oven temperature was programmed at 200 °C for 4 minutes and increased by 10 °C/min to 
290 °C. It was then maintained at isothermic temperature. Identification and calibration were 
carried out using standard chemicals purchased from Supelco Inc. The results obtained were 
statistically processed. 
Results and discussion 
In the present investigations the soil samples were studied for the total 
amount of residues (including "bound residues") of several herbicides such as 
atrazine, simazine, prometryn, terbutryn and the chloroacetanilide alachlor. The 
majori ty of the soil samples contained residues of one or more herbicides or 
their metabolites. The mean value of this herbicide contamination was relatively 
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low; the range of residues of different herbicides is very wide depending on the 
type of soil and cultivated crops. For example, atrazine residues were detected 
in 64% of the soil samples investigated (Table 1) and the highest level of 
residues was found in samples originating from the traditionally maize growing 
areas of the province. Although atrazine is not now in use due to its long 
persistence, in areas where maize was grown in a monoculture it was used for a 
long period, and its residues still remain at a relatively high concentration. Out 
of the 926 samples 18 contained a concentration of atrazine residues (Table 2) 
higher than the limiting values suggested by the Official Herald of RS in 
medium heavy soils for several cultivated crops (Table 3). In these areas only 
maize and Brussels sprouts can be grown without injury to the cultivated plants 
or yield loss. The maximum concentration of atrazine residues found in one 
sample was double the proposed maximum value (1 mg/kg) recommended 
before sowing most crop species (Table 3), suggesting that only maize should be 
grown in this soil. Unfortunately, these areas of the Province will probably be 
contaminated for a relatively long period because of the long persistence of 
atrazine residues. 
Table 1 
Herbicide residues in soils of Vojvodina Province 
Herbicide Mean Minimum Maximum Mean of positive % of positive 
(Pg/kg) (Pg/kg) (Pg/kg) findings (pg/kg) findings 
Atrazine 11.81 1.98 570.10 18.39 64.25 
Simazine 0.08 0.01 28.58 13.18 64.00 
Prometryn 3.42 10.1 67.40 16.24 21.06 
Terbutryn 1.86 10.1 173.23 16.74 11.20 
Alachlor 3.54 0.02 467.70 7.61 46.54 
Several samples which contained a lower level of atrazine residues could 
also be toxic for sensitive crops such as tobacco, alfalfa, rapeseed and sugarbeet. 
In these soils atrazine residues may limit the effective production of several crop 
species not only because of visual injuries (e.g. yellowing and defoliation), but 
due to the fact that injured plants may be more susceptible to insect attack and 
disease (Conacher and Conacher, 1986) or may suffer reproductive impairment 
(Fletcher et al., 1993). 
The majority of the soil samples studied contained no or very low 
concentrations of atrazine residues. In these areas practically all kinds of crop 
plants can be cultivated for direct human consumption without the risk of any 
toxic effects. 
Atrazine and its metabolites are slightly toxic to birds and mammals 
according to the result of toxicological tests (Bascietto, 1985; Farringer, 1985) 
and the soil contaminations detected are far below the limits of acute oral 
toxicity (500-2000 mg/kg) even in the most contaminated soils. Since no 
systematic studies have been done on the indirect effects of atrazine on the 
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Table 2 
Distribution of atrazine residues in investigated soil samples 
No. of Atrazine 
samples residues 
(mg/kg) 
363 0.000-0.010 
189 0.010-0.025 
52 0.025-0.050 
47 0.050-0.075 
37 0.075-0.100 
96 0.100-0.200 
57 0.200-0.250 
58 0.250-0.500 
9 0.500-1.000 
18 >1.000 
health or behaviour of large mammals (Freemark and Boutin, 1995) the direct 
use of plant products originating from the contaminated areas for human 
consumption should be avoided. 
Table 3 
Limit values of atrazine and simazine residues in medium heavy soils 
(Official Herald of RS, 11, 329, 1990) 
Crop Limit values (mg/kg) 
Alfalfa, rapeseed and sugarbeet 0 . 0 6 - 0.09 
Oats, soybean, cucumber 0 . 1 5 - 0.20 
Sunflower 0 . 2 0 - 0.25 
Wheat and rye 0 . 2 5 - 0.30 
Potato, flax and onion 0 . 3 0 - 0.40 
Brussels sprouts 1 
Regarding the geographical distribution of the most contaminated soils 
(Fig. 1), they are highly dispersed in the province. 
The results of the analysis of simazine residue contaminations in the soil 
samples are similar to those for atrazine. Again the majority of the soil samples 
contained simazine residues, but the concentration of the residues was lower 
than that of atrazine. According to the data obtained, only two samples 
contained relatively high amounts of simazine. The results suggest that, except 
for these two locations, in all other parts of the province simazine is not a 
limiting factor for crop production. The level of contamination is very low, and 
in several cases it is just on the level of "bound residue" which cannot be 
extracted with conventional solvent extraction methods. According to the 
limits suggested by Anderson (1977) simazine does not in practice cause 
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problems in the agricultural production of the province. Only sensitive crops, such 
as tobacco, cannot be grown on a limited number of farms. 
Similarly to the results obtained for atrazine and simazine residues, alachlor 
contaminated a relatively high (46.5%) percentage of the samples. 
Fig. 2. Locations where the concentrations of alachlor residues are higher than the proposed limit 
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According to the data of SFE extractions the concentration of alachlor 
residues reached the highest limiting value of crop cultivation in 48 locations. 
Unfortunately, in the case of alachlor the results cannot be interpreted clearly, 
because the soil samples were not taken at the same time, which may affect the 
herbicide concentration in the soil due to applications before or during the course 
of the collection period. Alachlor has a short residual life time, and a relatively 
high concentration will only limit the next plantation period. Due to this fact , 
alachlor contamination does not seem to be problematic for agricultural 
production in the province. According to the results of toxicological studies, 
alachlor is also a toxic compound (Farringer, 1985) and the direct human 
consumption of products from these territories could cause some problems in 
human healthcare. 
The geographical distribution of the alachlor contamination (Fig. 2) gives 
an interesting picture, as it is mostly concentrated in the South and South-Eastern 
part of the province. The continuous use of this herbicide could be problematic in 
this region, and based on the results for this territory it is suggested that alachlor 
herbicide should be replaced by others. 
Soil contamination with the two other herbicides studied, prometryn and 
terbutryn, was found in a relatively low number of locations (21% and 11%, 
respectively). According to the proposed maximum limits (0.16 mg/kg for 
prometryn and 0.15 mg/kg for terbutryn) the prometryn contamination seems to 
be acceptable in all samples, though a relatively high number of soils contained 3 
times the average concentration of residues. On these 141 locations the 
continuous use of prometryn could be a risk factor. In this part of the province the 
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the environmental risk could be minimized by rotating different herbicides to 
avoid the accumulation of prometryn to a toxic level. By contrast, terbutryn 
contamination was lower in general, but at 78 sites the residue concentration 
was higher than the proposed maximum. According to the geographical 
distribution (Fig. 3), terbutryn contamination is concentrated in the central part 
of the province, suggesting that in this territory terbutryn was widely used in 
agricultural production. On this area the planning of crop rotation and residue-
free plant production could be limited because of the high concentration of 
terbutryn residues, which is a consequence of the relatively long residual life 
time of terbutryn (RL50 is approximately 9 - 1 2 months). In sustaining intensive 
farming only tolerant crops can be cultivated on these territories, and there is a 
strong necessity to replace terbutryn in weed control procedures. Although 
information available on the mammalian toxicity of terbutryn residues is 
limited, it can be concluded that the direct human use of plant products 
originating f r o m farms contaminated with terbutryn should be avoided. 
In the present study it was not possible to study soil contamination by 
other herbicide residues used in everyday agricultural practice, but it can be 
assumed that a similar situation may also exist. To guarantee healthy food for 
human consumption there is an intensively growing need for monitoring the 
accumulation of toxic compounds in soils to predict not only the farming 
possibilities but also the possible use of the agricultural products. 
Conclusion 
The benefi ts of herbicide use in agriculture are relatively well known. 
However, ser ious concerns continue to be voiced about the potential agronomic, 
environmental, ecological and human health problems associated with the use of 
herbicides. Nonetheless, assessing the human healthcare and ecological effects 
of herbicides has not traditionally been given priority (National Research 
Council, 1989). Assessment will continue to be difficult given the range of 
potential direct and indirect effects, the complexity of environmental 
interactions, the vast array of herbicides in use, the different environments in 
which they are used, and inadequacies in methods for detecting herbicide 
residues (Fletcher et al., 1993). Although at present the problem of adequate 
detection o f herbicide residues seem to be resolved using SFE, scientific 
evidence is highly limited by insufficient toxicological and ecotoxicological 
information (Freemark and Boutin, 1995) and by the lack of research on long-
term effects . The monitoring that has been done has generally not been 
comprehensive or sensitive enough to observe significant effects (Greig-Smith 
et al., 1992). 
In summary, in the present study the SFE technique was successfully 
applied for monitoring herbicide residues in the soils of Vojvodina Province in 
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order to establish an adequate picture of the geographical distribution of 
contaminated areas and to make suggestions for farmers in the planning of 
agricultural production in the near future. On the other hand, this kind of 
monitoring could be the basis for future studies. A knowledge of the location of 
contaminated areas could be the basis for studying the long-term effects of 
herbicide residues on the environment. 
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DIALLEL ANALYSIS OF MAIZE RESISTANCE 
TO FUSARIUM STALK ROT 
B . PALAVERSIÓ, D . PARLOV, B . TOMICIC a n d I. BUHINICEK 
ВС INSTITUTE FOR BREEDING AND PRODUCTION OF FIELD CROPS, ZAGREB, CROATIA 
(Rece ived : 7 March, 1996; accepted: 5 Ju ly , 1996) 
Six maize inbreds and their 15 diallel crosses were tested for resistance to Fusarium 
stalk rot under natural conditions in 1993, 1994 and 1995. Significant effects were 
obtained for general (GCA) and specific (SCA) combining ability in all three years of 
testing. The line Ra232 had significant GCA effects for resistance to Fusarium stalk rot, 
whereas lines W64AHt and Be 14 were susceptible in two years, 1993 and 1994, with 
substantial positive GCA effects. In two years, combinations Ra232 * W64AHt, Ra232 * 
Be 14, A632HtHt x W64AHt and M o l 7 R f c x Be 14 were distinguished by significant 
negative SCA effects for the same trait. The grain yield of the tested maize hybrids was in 
negative correlation with the percentage of rotted plants, while the percentage of broken 
stalks was in positive correlation with the percentage of rotted plants. In some lines the 
resistance of lines per se did not agree with the GCA effects. Moreover, significant SCA 
effects indicate that it is necessary to test hybrid combinations for resistance to Fusarium 
stalk rot. 
Key words: maize (Zea mays L.), Fusarium stalk rot, general (GCA) and specific 
(SCA) combining ability 
Introduction 
Stalk rot caused by fungi from the genus Fusarium is still one of the most 
important maize diseases world-wide (Christensen and Wilcoxson, 1966; 
Nelson et al., 1978). It reduces grain yield because of premature senescence and 
indirectly because of stalk breakage. Planting resistant hybrids, i.e. breeding for 
resistance, is the most effective means of stalk rot control. It is necessary to 
combine resistance to stalk rot with yielding ability. 
Modern maize breeding began with the development of inbred lines and 
the restoration of hybrid vigour in combinations (Shull, 1908). Although it is 
comparatively easy to develop inbred lines with acceptable agronomic qualities, 
it is much more difficult to select the best hybrid combinations. Sprague and 
Tatum (1942) introduced the term general combining ability (GCA), or the 
mean value of one parent in hybrid combinations, and specific combining ability 
(SCA), or the departure from the expected value of the parents. Artificial stalk 
infection with Fusarium graminearum Schwabe did not prove a reliable 
indicator of maize resistance to stalk rot, so these tests were carried out under 
conditions of natural infection (Palaversic, 1993; Palaversic et al., 1993). 
The objectives of this study were: a) to determine the combining ability 
effects of 6 maize inbreds for resistance to Fusarium stalk rot using diallel 
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analysis, and b) to calculate correlation coefficients between the resistance of 
hybrids to stalk rot and stalk breakage and the grain yield. 
Materials and methods 
A trial with 15 diallel crosses of six inbreds (Table 1 ) was planted following a randomized 
block design at the location Rugvica near Zagreb, in 1993, 1994 and 1995. Planting and 
harvesting were performed by machine and population density was thinned to 63 492 plants/ha. 
Only the two middle rows were harvested of the four planted on each plot. Fusarium stalk 
rot was estimated at harvest by squeezing the first elongated internode between the thumb and 
forefinger. The plants that were easily crushed when pressed were rated as rotten (PalaverSic, 
1983) and their number was expressed as a percentage. Rotted and broken plants (%) were 
evaluated in the two middle rows prior to harvesting. Transformations of J* and arc sin A were 
applied where necessary (Gomez and Gomez, 1984). Combining ability was estimated using 
Griffing's method 4 (Griffing, 1956). Correlation coefficients (r) were calculated between the 
percentages of rotted plants, broken plants and grain yield. 
Table 1 
Level of resistance and derivation of maize inbreds evaluated in a diallel mating design 
Inbred Level of resistance Derivation 
Ra232 Resistant 3901 
A632HtHt Resistant (Mt42 x B14)B14(3) 
Mo 17Rfc Resistant CI 187-2 x C103 
W64AHt Susceptible Wf9 x 187-2 
A619 Susceptible (A171 x Oh 43) Oh 43 
Be 14 Susceptible Beljski zuti zuban 
Results and discussion 
It is evident from the meteorological data (Table 2) that in 1994 rainfall 
was scarce in three successive 10-day periods in July and August and was 
accompanied by high temperatures. This stress in the critical period during 
pollination and grain fill had a negative effect both on plant health and grain 
yield (Table 3). 
During all three years of testing, significant GCA and SCA effects were 
obtained for the resistance of maize lines to Fusarium stalk rot. Inbred line 
Ra232 was the most resistant, whi le Bc l4 was the most susceptible to stalk rot 
in the hybrid combinations (Fig. 1). The most resistant line to Fusarium stalk 
rot, Ra232, was noteworthy in three years of test ing for its significant negative 
G C A effects, whereas W64AHt and Be 14 were susceptible in two years, 1993 
and 1994, with substantial positive GCA effects for the percentage of stalk-
rotted plants. In the year with severe stalk rot attack, 1994, the lines Ra232 and 
A632HtHt were resistant on the basis of GCA effects , while Bel 4 and W64AHt 
were susceptible to stalk rot and stalk breakage (Fig. 1 and Table 4). The highest 
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Table 2 
Comparison of temperatures and rainfall for July and August in 1993, 1994 and 1995 
10-day Mean temperatures ' Total rainfall 
period (mm) 
July 1993 1994 1995 1993 1994 1995 
I 21.2 22.0 22.4 8.4 22.0 23.6 
П 20.5 22.3 23.9 1.0 7.0 2 .7 
Ш 20.9 23.3 23.0 32.1 3.0 113.6 
August 1993 1994 1995 1993 1994 1995 
I 22.2 25.5 21.9 25.8 0.0 25 .8 
П 21.8 20.4 20.1 5.8 55.2 44.3 
Ш 18.5 20.5 18.5 74.5 96.9 16.9 
yielding line in the hybrid combinations was Mol7Rfc in 1993 and Ra232 in the 
stressful year, 1994, because it was most resistant to stalk rot. 
In the lines A632HtHt and M o l 7 R f c different G C A effects were obtained 
for resistance to stalk rot depending on the year of testing. A632HtHt was 
resistant in 1994 with significant negative GCA effects, while M o l 7 R f c was 
extremely susceptible in 1995 with significant positive GCA effects. In other 
years of testing, the G C A effects for these lines were low and non-significant, 
which is the case for the line A619 in all years of testing. For yield, only the GCA 
effects were significant in the first two years of testing. 
Ra232 
A632HtHt 
А619 
W64AHÍ 
Mo17Rfc 
B c U 
-30 -24 -18 -12 -6 0 6 12 18 24 30 
• 1993 Effl 1994 • 1995 
Fig. I. GCA effects for resistance of maize inbreds to Fusarium stalk rot. 
Rugvica, 1993, 1994 and 1995 
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Table 3 
Average attack of Fusarium stalk rot, stalk breakage and grain yield of 15 maize hybrids 
planted following a diallel scheme in Rugvica, in 1993, 1994 and 1995 
Year Fusarium stalk rot (%) 
Stalk breakage 
(%) 
Grain yield 
(t/ha) 
1993 35.0 13.1 10.33 
1994 53.8 44.0 7.82 
1995 47.2 11.6 9.23 
Table 4 
Effects of general combining ability (GCA) for resistance of maize lines to stalk breakage and 
grain yield. Rugvica, 1993, 1994 and 1995 
Line Stalk breakage Grain yield 
1993 1994 1995 1993 1994 
Ra232 - 0 . 2 9 - 15.11* - 0 . 2 7 5.01 15.62* 
A632HtHt - 0 . 4 9 - 5 . 8 8 * - 0 . 7 3 * 2.14 -3 .59 
A619 - 0 . 2 8 - 4 . 2 6 - 0 . 0 0 0.52 1.59 
W64AHt 0.63* 10.77* 0.41 - 11.20* 10.23* 
Mo 17Rfc - 0 . 8 2 * 2.73 0.04 7.53* -3 .59 
Bcl4 1.25* 11.75* 0.55* - 3 . 9 9 0.20 
LSDsv. 0.50 5.41 0.51 6.46 5.65 
Table 5 
Resistance of maize hybrid combinations to natural Fusarium stalk rot, planted following a 6 * 6 
diallel scheme, and the corresponding specific combining ability (SCA) effects. 
Rugvica, 1993, 1994 and 1995 
1993 1994 1995 
Hybrid combinations Rotted SCA Rotted SCA Rotted SCA 
plants (%) effects plants (%) effects plants (%) effects 
Ra232 ><A632HtHt 27.8 3.9 30.4 6.3 24.6 - 0 . 5 
Ra232 x A619 18.9 - 4 . 1 34.5 0.8 10.9 - 13.9* 
Ra232 x W64AHt 7.7 - 17.3* 29.2 - 9 . 2 * 27.1 5.7 
Ra232 x Mol7Rfc 43.0 18.5* 49.3 12.7* 59.3 15.8* 
Ra232 x Be 14 25.6 - 1.0 40.4 - 10.6* 21.1 - 7 . 1 * 
A632HtHt x A619 27.1 - 2 . 8 40.5 - 6 . 2 56.9 7.7* 
A632HtHt x W64AHt 58.8 5.9 42.0 - 9 . 4 * 37.2 - 8 . 6 * 
A632HtHt x M o l 7 R f c 19.1 - 9 . 2 * 47.1 - 2 . 5 63.0 - 4 . 9 * 
A632HtHt x Be 14 50.4 2.2 75.7 11.8* 58.9 6.2 
A619 x W64AHt 45.8 3.1 70.3 9.4* 49.4 3.8 
A619 x Mo 17Rfc 35.4 6.1 55.3 - 3 . 9 73.1 5.4 
A619 x Bcl4 36.1 6.1 73.3 - 3 . 9 49.4 - 3 . 0 
W64AHt x Mo 17Rfc 35.7 - 4 . 1 65.9 2.0 53.6 - 10.6* 
W64AHt x Be 14 75.0 12.5* 85.5 7.2 58.6 9.6* 
Mol7Rfc x Be 14 23.0 - 1 1 . 3 * 68.1 - 8 . 3 * 65.4 - 5 . 7 
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Table 6 
Correlation coefficients between resistance of 15 maize hybrids to Fusarium stalk rot, 
stalk breakage percentage and grain yield. 1993, 1994 and 1995 
Correlated traits Year 
1993 1994 1995 
1. Rotted plants (%) vs. 
Stalk breakage (%) 0.57* 0.80** 0.15 
2. Rotted plants (%) vs. 
Grain yield (t/ha) - 0 . 7 3 * * - 0 . 6 2 * -
3. Stalk breakage (%) vs. 
Grain yield (t/ha) - 0 . 6 8 * * - 0 . 6 9 * * 
-
In two years, the combinations Ra232 x W64AHt , Ra232 x Be 14, 
A632HtHt x W64AHt and Mol7Rfc x Be 14 were distinguished by significant 
negative SCA effects for the percentage of rotted plants (Table 5). Combinations 
A632HtHt x M o l 7 R f c (1993), Ra232 x A619 (1995) and W64AHt x M o l 7 R f c 
(1995) were remarkable for their significant negative effects for the percentage of 
rotted plants. 
Combination Ra232 x Mol7Rfc had significant positive effects in all three 
years of evaluation. 
The grain yield of the tested maize hybrids was in negative correlation with 
the percentage of rotted plants, which proves the successfulness of breeding for 
both traits. The percentage of broken plants was in positive correlation with the 
percentage of rotted plants in 1993 and 1994 (Table 6). The results o f testing 
combining ability markedly differed depending on the year of testing, which 
proves the importance of testing combining ability in different environments. 
Significant SCA effects for resistance to stalk rot indicate that it is necessary to 
test hybrid combinations for resistance to Fusarium stalk rot. The evaluation of 
stalk rot represents only a small additional cost because trials are carried out for 
yield testing anyway. 
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EFFECT OF COLCHICINE ON SOME QUANTITATIVE TRAITS 
AND TECHNOLOGICAL PARAMETERS OF SUGAR BEET 
S. MEZEI , L . KOVACEV, N . C A C I C , N . KUPRESANIN a n d N . MRKOVACKI 
INSTITUTE OF FIELD AND VEGETABLE CROPS, MAKSIMA GORKOG 30, 
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The induction of autotetraploids in sugar beet is based on the mutagenic effect of 
colchicine on spindle fibres. The function of colchicine application on apical meristems is 
to convert a high percentage of the original genotype to the tetraploid level. Since not all 
cells are in the phase of active mitotic division, some of them remain at the diploid level. 
The aim of this study was to compare original and unconverted diploids in order to 
determine whether colchicine affected not only the spindle fibres but also the complex of 
genes responsible for some quantitative characters (root yield, sugar content, yield of 
polarized and crystallized sugar). After the application of colchicine, cytological analysis 
was performed and all plants with mixoploid tissues were removed. Sugar beet roots with 
36 and 18 chromosomes were analysed the next year. The results showed that differences 
in crystallized sugar and root yields existed between the studied genotypes and the original 
diploid populations and also between unconverted diploid populations and induced 
autotetraploids. Eor some technological parameters (sugar content, K, Na, alpha-N and 
yield of polarized sugar), the differences were not significant. 
Key words: sugar beet, colchicine, autotetraploids, quantitative traits 
Introduction 
The first autotetraploids of sugar beet were obtained by Blakeslee and 
Avery (1937), leading to the application of polyploid hybrids in sugar beet 
breeding. The induction of autotetraploids is based on the mutagenic effect o f 
colchicine on spindle fibres. Colchicine inactivates the spindle fibres, restrains 
normal mitotic division and inhibits chromosome separation (Savatsky, 1966). 
Since triploid sugar beet hybrids are dominant in European sugar 
production, the conversion of diploid genotypes to the tetraploid level is a 
constant part of the sugar beet breeding process. Induced polyploids represent 
the source of new genetic variability. Opinions about the advantages of triploid 
hybrids over diploids differ. For example, Finkner et al. (1967), Labockaja 
(1977), Kovalenko and Lapatev (1979), discovered that diploid hybrids had 
better root yield than triploids. On the other hand, McFarlane (1971, 1972), 
Melzer et al. (1977) and basa et al. (1989) proved the superiority of triploid 
hybrids. Hecker et al. (1969) and Röstel (1981) could not find significant 
differences between diploid and triploid hybrids. According to Fischer (1992) 
triploidy, when considered separately, does not give advantages for breeding; 
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only if triploidy is used to produce higher heterozygosity degrees is there a good 
chance of better performance. 
Colchicine is usually applied to apical meristems af te r the opening of the 
cotyledons, or when the plant has one or three leaves, as drops or injection 
(Dewnes and Marshall, 1983; Todorova, 1983). 
The aim of colchicine treatment is to convert diploid plants to the 
tetraploid level. Although the apical meristems of all plants are treated wi th the 
same quantities of colchicine, certain genotypes retain the diploid chromosome 
number. 
In this paper we compared original diploids and diploids that did not 
change their ploidy level after colchicine treatment. T h e objective w a s to 
determine if colchicine affects not only the spindle fibres during mitotic 
division, but also the complex of genes responsible for some quantitative traits 
of sugar beet: root yield, sugar content, yield of polarized and crystallized sugar. 
Materials and methods 
Three diploid multigerm populations (8173/103, 129/88 and F-3968) from the Institute of 
Field and Vegetable Crops, Novi Sad, were used as plant material. The application of 0.5% 
colchicine solution to the apical meristems of sugar beet plantlets was done in the greenhouse and 
lasted for one week, until the formation of the first pair of true leaves. 
The first negative selection was performed on the basis of the phenotypic appearance of 
each plant after one month. Only plants with enlarged epicotyl and hypocotyl sections were used 
for further analysis. 
Cytological analysis was done in the C0 generation according to the acetocarmine squash 
method. Samples were taken at the moment of highest mitotic activity of the somatic meristems 
under optimal growing conditions. Afterwards, samples were fixed in Carnoy I and stained with 
carmine; only genotypes containing 2x=36 and 2x=18 chromosomes were used for further 
analysis. 
In the following year, roots were transplanted into the field. Before flowering, cytological 
analysis was carried out, after which only tetraploids and unconverted diploids were preserved. 
These plants set seed of the C, generation. 
Original diploids, unconverted diploids and tetraploids were put in the field trial, in a 
randomised block design with four replications. Each plot consisted of four rows of 10 m length, 
spaced 45 cm apart. The plant to plant distance was 20 cm. Plants f rom inner rows were used for 
the determination of root yield and quality. Sugar content, K, Na and a-amino N content were 
determined on automatic lab (VENEMA Automation BV, The Netherlands). The data obtained 
were used for the evaluation of root yield, sugar content, polarized and white sugar yields and 
sugar utilization. 
Results 
Differences in root yield between the original diploids were significant. 
The highest root yield (49.07 t/ha) was found in population 129/8, wh ich was 
significantly higher than in population 8173/103 (32.50 t /ha) (Table 1). 
All tetraploid populations had lower root yields than the original diploids. 
The most pronounced decrease in root yield was registered in tetraploid 
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population 8173/103 (52.4%). Only one (129/88) unconverted diploid 
population significantly differed from the original diploids (Table 1). 
No differences in sugar content within the same population were recorded 
between the original diploids, unconverted diploids and tetraploids. In 
population 8173/103 the original diploids had a 0.42% higher sugar content than 
the unconverted diploids and 0.34% higher than the tetraploids. Unconverted 
diploids of population 129/88 had the highest (15.1%) sugar content, which was 
greater than that of tetraploids (14.5%) and the original diploids (13.6%). In 
population F-3968 the tetraploids had a higher sugar content (14.5%) than the 
tetraploids (14.44%) and unconverted diploids (14.3%) (Table 1). 
There were no significant differences in sugar utilization between the 
original diploids, unconverted diploids and tetraploids (Table 1). 
Considering the yield of polarized sugar, the original diploids were 
superior to the unconverted diploids and tetraploids. The original diploids of 
populations 8173/103 and 129/88 had higher polarized sugar yields than their 
unconverted diploids and tetraploids. In population F-3968 there were no 
differences between the original diploids and tetraploids. Unconverted d ip lo ids 
of all three populations had lower polarized sugar yields than the original 
diploids (Table 1). 
Differences within and between populations for crystallized sugar yield 
are identical to those for polarized sugar yield (Table 1). 
Discussion 
Contrary to the assumption of Fischer (1992) that the doubling of all the 
genes, when changing from the diploid to the tetraploid level, hardly a f fec ted 
the internal balance of gene actions, in many studies (Jusubov and Mos ina , 
1967; Popov, 1971; Smith et al., 1979) changes induced by chromosome 
doubling caused an extreme decrease in sugar beet root yield in the first 
generations. In the present study this ranged from 26.9% to 52.4%, which agrees 
with the data of Finkner et al. (1967). 
The sugar content of tetraploids did not change significantly ( f r o m 
- 2 . 6 % to +3.8 %) compared with the original diploids, in agreement wi th 
Hecker et al. (1969), Popov (1971), and Smith et al. (1979). This could be 
explained by the fact that this trait is controlled by a few miner oligogenes. 
In all three populations the content of impurities (K, N a and a - a m i n o N ) 
was lower in tetraploids than in diploids. Contrary to the research done by Smith 
et al. (1979), colchicine did not affect root quality (sugar content and 
impurities). 
As a result of the decrease in root yield, tetraploids showed significantly 
lower sugar yields (25.2-53.2%) than the original diploids, which completely 
agrees with the results obtained by Finkner et al. (1967). 
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Quantitative traits of the genotypes analysed 
No.of chr. Sugar Utilization Yield of Yield of 
Genotype C0and C, Root yield content К Na a -N of sugar polarized crystallized 
generation t/ha (%) content (%) sugar sugar (t/ha) 
(t/ha) 
in 100 g sugar beet 
2n 32.50bc 13 .02^ 4.56* 1.93ab 4.15ab 10.19^ 4.25bc 3.34bc 
8173/103 2n C, 26.94c 12.60d 4.1 Iab 2.4 lab 3.65аЬс 9.810 3.4 lcd 2.67cd 
4n C, 15.46d 12.68 4.3 lab 2.77* 3 29
bcd 
9.73° 1.99d 1 54d 
2n 49.07* 13.59"cd 4.08ab 2.63' 3.09cd 10.78abc 6.64a 5.24a 
129/88 2 n C , 30.56bc 15.21* 3.52b 2.82' 4.45" 12.41a 4.67bc 3.81^ 
4 n C , 29.90bc 14.10*bd 3.80^ 2 2Qab 3.36bcd 11.52abc 4.21bc 3.44bc 
2n 39.35*b 14.44*b 3.73*b 2.09*b 2.47d 12.00*b 5.64*b 4.68ab 
F-3968 2n C| 34.73bc 14.33abc 4.3 lab 1 52b 3.71аЬс 11.77*b 4.98bc 4.10ab 
4n C, 28.75c 14.53ab 3.63ab 2.32ab 3.00cd 12.00b 4.22bc 3.51* 
Average 31.92 13.83 4.01 2.30 3.46 11.13 4.45 3.59 
LSD 0.05 10.58 1.66 0.94 0.96 1.04 1.83 1.57 1.34 
0.01 14.58 2.28 1.29 1.32 1.43 2.52 2.17 1.85 
Values designated with the same Ietter(s) within the same column are not significantly different. 
EFFECT OF COLCHICINE ON SUGAR BEET TRAITS 375 
The root yield decrease in unconverted diploids was not significant, so in 
this case colchicine did not have a strong mutagenic effect. 
Considering the fact that in the present experiment selection was made 
only for chromosome number, the changes described above could be explained 
only as the result of colchicine treatment. 
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The role of dark treatment in the tuberization process of potato plants was studied. 
The effects of dark on tuber initiation, development and the tuber size distribution of in 
vitro potato plants with different genetic origin were analysed. No growth regulators were 
added to the medium. Tuberization was induced after culturing the shoots for four weeks 
under long days. 
The dark treatment, applied in proper combination with short-day periods, 
accelerated and synchronized the tuber initiation and development and increased the 
number of tubers per plantlet. 
The types of microtubers were influenced by the treatment. The time of tuber 
initiation as well as the tuber size distribution of the microtubers produced, were 
influenced by the genotype and the photoperiodic treatment. There were large variations 
among the genotypes in the dynamics of tuber development after initiation. 
The effects of dark varied from cultivar to cultivar, the strongest being observed in 
the case of the hybrid of Solanum tuberosum * Solanum brevidens (non-tuberous). 
Key words: Solanum, photoperiod, microtubers, initiation and development, genetic 
origin 
Introduction 
The tuberization of the potato is a process under the control of 
environmental factors, among which photoperiod is of primary importance. 
Potato plants are able to sense changes in environmental conditions and 
these changes may cause the hormonal changes that are required to trigger tuber 
initiation. The young and developed leaves of potato plants play an important 
role in the perception of stimuli and in the synthesis of both endogenous growth 
regulators and of the specific tuber-inducing substance (Hammes and Beyers, 
1973; Kahn et ai., 1983; Smith, 1982; Van den Berg and Ewing, 1991; 
Vreugdenhil and Struik, 1989). 
Microtubers are a very useful tool in the propagation and storage of 
potatoes (Hussey and Stacey, 1981; Tovar et al., 1985). For the production of in 
vitro tubers of potato it is necessary to know how to manipulate plantlets to 
obtain as many usable tubers as possible in a short time (Marinus, 1990). 
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There are several different methods of altering the hormonal balance of 
the potato plant and thereby inducing tuberization. In several cases exogenous 
regulators, such as auxins (Mangat et al., 1984), cytokinins (Palmer and Smith, 
1969; Wang and Hu, 1982), etephon (Garzia-Torres and Gomez-Campo, 1973) 
or anti-gibberellins /ССС/ (Estrada et al., 1986) have been used to increase 
tuber formation in vitro. 
However, the use of exogenous regulators did not allow the expression of 
the tuberization capacity determined by the genotype of the potato plant. 
Consequently, generally less than one microtuber per plantlet can be produced 
on Murashige-Skoog medium (Murashige and Skoog, 1962). The number of 
tubers varied between 0.27-1.00 (Garzia-Torres and Gomez-Campo, 1973; 
Wang and Hu, 1982; Tovar et al., 1985). Only with the application of jasmonic 
acid, a compound which is related to a specific tuber-inducing substance found 
in the leaves of potato plants (Koda et al., 1988; Van den Berg and Ewing, 
1991) can 100% tuberization be obtained (number of tubers per stolon * 100) on 
potato stolons cultured in vitro (Pelacho and Mingo-Castel, 1991a). 
Hussey and Stacey (1984) observed in vitro tuberization without using 
growth regulators. The first detailed study was made by Gamer and Blake 
(1989), who were able to obtain reliable microtuber formation using a medium 
containing 8% sucrose and Murashige-Skoog salts. In vitro plantlets responded 
to short days by the rapid formation of tubers if they were exposed to long days 
for at least four weeks previously. Exposure to darkness stimulated microtuber 
formation when preceded by short days, but there was only a minimal effect 
when it was applied directly after long days (Gamer and Blake, 1989). 
Considering the data of Garner and Blake (1989) and Charles et al. 
(1992), at least four weeks of culture period under long days applied at the 
beginning of plant development is necessary to encourage vigorous leaf and 
stem formation in vitro. 
This study was undertaken in order to analyse the tuberization responses 
of in vitro plantlets with different genetic origins to the environmental stimulus, 
namely daylength, considering the effect of long days on the promotion of 
foliage development and that of short days on the induction of tuberization. The 
plants were cultured on medium without growth regulators to preserve the 
natural equilibrium of hormone balance in the plants and to avoid the potential 
effect(s) of exogenous regulators on the response to daylength. 
Materials and methods 
Plant material 
The following potato cultivars were used as experimental material because of their 
different genetic origins: cv. Gülbaba and cv. Nyírségi rózsa have pure Solanum tuberosum origin. 
The other cultivars used are hybrid clones: cv. Beáta and cv. Boró are Solanum tuberosum x 
Solanum chacoense hybrids, while the breeding line ТВ 38/10/A is a Solanum tuberosum x 
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Solanum brevidens somatic hybrid obtained from the Institute of Plant Physiology, Biological 
Research Center, Hungarian Academy of Sciences, Szeged. Each genotype will be referred to as a 
clone. 
The clones were maintained as shoot cultures on a medium containing the salt mixture of 
Murashige and Skoog (1962) supplemented with 3% sucrose and 8% agar-agar. Nodal cuttings of 
four-week-old in vitro plantlets growing in a culture room at 24/15 °C day/night temperature, 16 h 
photoperiod and 8000 lux light intensity were used in the experiments. 
Single-node cuttings (Bryan et al., 1981), as initial expiants, were placed in Kilner jars 
(400 ml, 75 mm inside diameter and 85 mm long) covered with white plastic caps, containing 
Each ja r contained 30 nodal explants on 40 ml medium. 
Treatments 
The cultures were grown for four weeks with a 16 h photoperiod under the same culture 
conditions used for the maintenance of cultures. Tuber induction experiments were carried out 
after four weeks, when the Kilner jars were filled with well-developed plantlets with large leaf 
surfaces and fully developed roots. 
Tuberization was induced on medium with a layer of 8% sucrose solution poured onto the 
cultures and using five different photoperiodic regimes involving different combinations of short 
days (8 h illumination/day) and darkness (0 h illumination/day), as follows: 
- Fp-1 treatment: exposure of cultures to short days throughout the 13-week experiment. 
- Fp-2 treatment: exposure of cultures to complete darkness for 2 weeks, preceded by 
short days for 2 weeks, and followed by short days for a further 9 
weeks. 
- Fp-3 treatment: exposure of cultures first to short days for 2 weeks, then to total 
darkness to the end of the experiment ( 11 weeks). 
- Fp-4 treatment: exposure of cultures to total darkness for 12 weeks after short days for 1 
week. 
- Fp-5 treatment: cultures were kept for 3 days under an 8 h photoperiod prior to exposure 
to darkness. 
The culture conditions during the short-day period were the same as those used for long 
days (16 h), and the temperature during total darkness (0 h) was a constant 15 °C. 
Measurements and data analysis 
The tuberization in vitro was evaluated by recording the time of the appearance of the first 
microtuber in a jar , indicated by the first visible sign of bud swelling (= time of tuber initiation) 
and by counting the number of tubers per j a r every 2 weeks after tuber initiation. The size 
distribution of microtubers in the different treatments was evaluated at the end of the experiment 
(after 17 weeks). Four size fractions were distinguished according to the smallest microtuber 
diameter: 
smaller than 2 mm - Fraction I 
between 2 and 4 mm - Fraction II 
between 4 and 6 mm - Fraction III 
larger than 6 mm - Fraction IV. 
Only jars free from visible microbial contamination were included in the evaluation. 
The statistical analysis of data for the time of tuber initiation was made by variance 
analysis (at least 15 replicates of each treatment) and the statistical analysis of data for the size 
distribution was made by the homogeneity test (at least 10 replicates of each treatment). 
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Results and discussion 
It is widely known that the tuberization of potato is under photoperiodic 
control. Furthermore, the strength of the tuberization stimulus is influenced by 
photoperiod (Vreugdenhil and Struik, 1989; Mendoza and Haynes, 1977; 
Pelacho and Mingo-Castel, 1991b). 
It was concluded that at least four weeks of culture under long days, 
applied at the beginning of plant development, is required in vitro to achieve 
vigorous plant development (Garner and Blake, 1989; Charles et al., 1992), 
which is an essential precondition for the perception of environmental stimuli, 
such as photoperiodical stimulus (Smith, 1982; Hammes and Beyers, 1973). 
Considering these data a long-day photoperiod (16 h) was applied for four 
weeks prior to tuber induction. On average, 27 fully developed plantlets, at least 
4 cm long with large leaf surfaces and well-developed roots, could be grown in 
each jar after the long-day treatment. 
Tuber initiation 
It is known that under favourable conditions the formation of the storage 
organ of potato, the tuber, can be induced. This is detected in practice by 
determining when initiation occurs (Vreugdenhil and Struik, 1989). 
Tuber initiation was determined by counting the number of days required 
for the appearance of the first tuber in a j a r after induction (Table 1). 
Table 1 
Number of days required for the appearance of the first tuber in each jar after induction. 
Treatment clone Fp-1 Fp-2 Fp-3 Fp-4 Fp-5 
Gülbaba 15±5 I3±4 12±4a 12±3b 9±2c 
Nyírségi rózsa 17±5 15±5 12±4b 12±3c I0±2c 
Beáta 33±5 20±2c 21±2c 21±6c 17±7c 
Boró 36±5 22±3c 22±2c 20±5c 16±6c 
TB 38/10/A 35±8 29±2 34±7 36±8 26±6b 
Average 27±6 20±3 20±4 20±5 16±5 
Significant at a: P = 0.05, b: P = 0.01, c: P = 0.001 level 
Exposure to darkness after short days caused an acceleration of 1 -2 weeks 
in tuberization. The degree of acceleration depended on the genotype. The effect 
of darkness was more clearly detectable when it was not followed by short days 
(Fp-3 treatment) or when a shorter period of short days was applied before 
darkness (Fp-4, Fp-5 treatments). 
In the case of ТВ 38/10/A light was found to have an inhibiting effect, 
while only a delaying effect was detected in the other cultivars. Replacement of 
the short-day period by the Fp-2 treatment caused total inhibition of further 
tuber initiation. The plants failed to form normal tubers (sessile or non-sessile), 
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but produced only swollen leafy shoots with several small leaflets in the Fp-1 
and Fp-2 treatments, which were not classified as tubers according to McGrady 
et al. (1986). 
These two treatments caused non-sessile tuber development in the case of 
the other clones. Exposure to darkness after short days until the end of the 
experiments (Fp-3, Fp-4, Fp-5 treatments) caused the formation of sessile 
tubers, which were formed by the swelling of the axillary buds without stolons, 
indicating a stronger tuberization stimulus. 
The dark treatment after short days promoted an initial acceleration in the 
rate of in vitro tuber formation. This accelerating effect of darkness on tuber 
formation has been observed by other authors (Garner and Blake, 1989). 
The other detectable effect of darkness was its synchronizing e f fec t on 
tuber initiation (Table 1). This effect depended on genotypes and treatments. 
The Fp-4 and Fp-5 treatments caused a significant decrease in the standard 
deviation (s) of the data (sa~/sb~> 3) in the case of cv. Giilbaba and cv. Nyírségi 
rózsa. A similar effect in the Fp-2 and Fp-3 treatments was noticeable in the 
case of cv. Beáta and cv. Boró, but the extension of the dark treatment by 
reducing the period of short days applied before the dark treatment caused the 
cessation of its synchronizing effect. 
It can be concluded that short days during the tuberization stage of culture 
had a delaying or inhibiting effect on tuber initiation after induction, while dark 
treatment applied after the induction stage synchronized the initiation of tubers. 
However, this synchronizing and accelerating effect of dark treatment operated 
only when it was applied in proper combination with the short-day period, 
which was dependent on the genotype. 
Tuber development 
The tuberization curves were similar for cultivars with similar genetic 
origin in the case of certain treatments. 
The dark treatments led to a significant increase in the number of tubers 
per jar, which can be seen from the second week after induction in the case of 
cv. Giilbaba and cv. Nyírségi rózsa in the Fp-2 and Fp-3 treatments and f rom the 
first week and from the third day after induction in the Fp-4 and Fp-5 
treatments, respectively (Fig. 1). 
The same was true in the case of cv. Boró and cv. Beáta. However , 
returning the cultures to short days from the fourth week af ter induction (Fp-2 
treatment) caused a temporary, but obvious inhibition in the formation of new 
tubers compared to cultures remaining in the dark (Fig. 1). Similarly to the 
report of Nowak and Asiedu (1992), it was found that tubers were formed 
mostly in the solid medium, in contrast to cultures exposed to dark. 
The unfavourable ef fec t of light (8 h) on the evolution of in vitro tuber 
formation was the strongest in the case of the hybrid, ТВ 38/10/A. Only in the 
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case of the Fp-3, Fp-4 and Fp-5 treatments could the development of normal 
(sessile or non-sessile) tubers be observed, when the dark treatment was not 
interrupted by light (8 h) (Fig. 1). 
Size distribution of microtubers 
Tuber size distribution is determined by several factors (Struik et al., 
1990), of which the following are considered in these experiments: 
- the time of initiation 
- the rate and duration of tuber growth. 
These are influenced both by internal factors and by environmental 
conditions. 
The homogeneity test proved significant differences (P=0.001) in tuber 
size distribution between different treatments for every clone, although there 
was not a significant difference between the Fp-3 and Fp-4 treatments in the 
case of ТВ 38/10/A. 
Exposure of the cultures to uninterrupted dark treatments (Fp-3, Fp-4 and 
Fp-5 treatments) caused an increase in the rate of fraction I tubers in the Fp-1 
and Fp-2 treatments (Fig. 2). In addition, the number of tubers larger than 2 mm 
in diameter did not decrease, and in certain cases even increased in the Fp-1 and 
Fp-2 treatments (data not presented here) (Fig. 2). 
These results indicate that it is possible to increase the number of directly 
usable tubers (fractions II+III+IV). The tuber size distribution was influenced 
not only by the treatments but also to a high degree by genotype. This 
observation is similar to the findings of other authors (Struik et al., 1990), who 
examined tuber size distribution under in vivo conditions. 
It can be concluded, in accordance with the findings of other authors, that 
illumination delayed overall tuber initiation. However, the reduction of the 
short-day period to 3 days before darkness released the synchronizing effects of 
dark treatment in the case of cv. Beáta and cv. Boró. These data support the 
findings of other authors (Garner and Blake, 1989) that exposure to complete 
darkness caused little effect on the microtuber formation when applied 
immediately after long days. Dark treatment applied in proper combination with 
a short-day period can synchronize and accelerate tuber initiation and 
development and can increase the number of tubers. 
From the results of this study it appears that a very strong dependence on 
genotype exists in the tuberization process, e.g. in tuber initiation and 
development. The genetic origin of the clones examined played a great part in 
their responses. The extreme behaviour of ТВ 38/10/A may be explained by the 
effect of a genome from the non-tuberous Solanum brevidens. 
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Fig. I. Development of microtubers in examined clones after induction 
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Fig. 2. Tuber size distribution of examined clones in the different treatments 
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QUANTITATIVE VARIATIONS IN SUGARS, LIPIDS 
AND PROTEINS IN FLOWERS OF DYER'S SAFFRON 
OBTAINED BEFORE OR AFTER BEING 
DAMAGED BY HARMFUL INSECTS 
K . SAITO*, T . SATO a n d Y . ENOMOTO 
DEPARTMENT OF BIOSCIENCE AND TECHNOLOGY, SCHOOL OF ENGINEERING, 
HOKKAIDO TOKAI UNIVERSITY, SAPPORO 005, JAPAN 
(Received: 28 May, 1996; accepted: 14 August, 1996) 
Quantitative changes in sugars, lipids and proteins were investigated in the extracts 
from processed florets of dyer's saffron (Carthamus tinctorius L.) before or after being 
damaged by tobacco beetles (Lasioderma serricorne Fabr.). The comparative data 
demonstrate that the quantities of essential metabolites are reduced strikingly in the 
extracts from insect wastes, indicating that tobacco beetles feed on the florets to obtain 
their energy sources. The utility of insect-damaged florets is outlined on the basis of the 
experimental findings. 
Key words: dyer's saffron (Carthamus tinctorius) flowers, sugar, lipid, protein, 
quantitative variation, tobacco beetle (Lasioderma serricorne) 
Introduction 
Processed florets of dyer's saffron (Carthamus tinctorius L., Compositae) 
are an essential raw material for preparing carthamin dye, which is used as a red 
dye-stuff for cotton textiles, cosmetic goods and food colorants. In Japan, 
almost every year the greater part of the flower stocks is damaged by tobacco 
beetles (Lasioderma serricorne Fabr., Anoviidae). The damaged stocks are 
usually reduced to ashes or thrown away to prevent insect multiplication, thus 
leading to deficient supplies of raw materials and high costs. 
To study whether tobacco beetles can digest dyer's saffron pigments, a 
comparative analysis was carried out on extracts from insect wastes and intact 
florets. The results are clearly indicative of the fact that the quantity and quality 
of quinoidal chalcone glycosides, including carthamin, did not change greatly in 
either sample (Saito and Kawasaki, 1992). 
Dyer's saffron is a medicinal plant and the dry florets are used as a 
pharmaceutical starting material. Thus, it seemed to be worthwhile to study 
whether quantitative changes occur in other metabolites extracted from insect 
wastes, through which the pharmacological value of the damaged materials 
could be assessed unequivocally. 
•Corresponding author: fax 01 1-5871-7879 
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The ma in theme of the present work is to investigate changes in the 
quantities of sugars, lipids and proteins in the extracts from processed flowers 
before or after being damaged by tobacco beetles. 
Materials and methods 
Materials 
Processed florets of dyer's saffron were purchased from a local supplier (Yamagata, 
Japan). Insect was tes were prepared from the processed florets following the method described 
previously (Saito and Kawasaki, 1992). The wastes were separated carefully from the half-eaten 
leavings by passing through a fine porous sieve and were stored in a deep-freeze at -20 °C in the 
dark until experimental use 
Magnesium sulphate (pentahydrate), sodium phosphate (dibasic), sodium carbonate, 
sodium acetate (anhydrous), copper (П) sulphate (pentahydrate), potassium sodium tartarate 
(tetrahydrate), N-2-hydroxyethylpiperazine-N'-2-ethanesulpholic acid, citric acid (anhydrous), 
NADP+ , ATP, glucose, sucrose, chloroform, glucoamylase and active carbon were purchased 
from the Wako Pure Chemical Company (Osaka, Japan). Fructose was purchased from Kanto 
kagaku (Tokyo, Japan). ß-Fructosidase, hexokinase, phosphoglucose isomerase and glucose-6-
phosphate dehydrogenase were purchased from Boehringer Mannheim GmH (Mannheim, 
Germany). Other chemicals and reagents used were obtained from several commercial suppliers. 
Measurement of sugar contents 
Insect was tes and processed florets (25 mg each) were placed separately in a porcelain 
mortar, to which 80% (v/v) methanol (3 ml) had been added, and were ground with a pestle for 
10 min at 23±1°C. At the end of the grinding, 4.5 ml 80% methanol was poured onto the slurries 
and transferred to tefron tubes, which were centrifuged at 4000 x g for 10 min. The supernatant 
was kept and the pellet washed twice with 80% methanol (5 ml x 2) through centrifugation 
(4000 x g : 10 min.). The combined supematants (17.5 ml) were evaporated under reduced 
pressure and the residues were washed twice with 8 ml chloroform/water (6:2, v/v) through 
centrifugation (4000 x g, Ю min.). The water layer was evaporated to dryness and the residue 
dissolved in wa te r (net vol. 25 ml). Sugar contents were determined according to the method of 
Bergmeyer(1974). 
Measurement of lipid contents 
Insect was tes and processed florets (1 g each) were ground in 5 ml chloroform/methanol/ 
water (1:2:0.8, v/v) for 5 min and filtered on a Büchner funnel. The residues were washed three 
times with 5 ml chloroform/methanol/water (1:2:0.8, v/v). To the combined filtrates, 
chlorofoim/water (1:1, v/v) was added to make a total volume of 20 ml. The chloroform layer 
was concentrated with a rotary evaporator and the condensate used for the quantification of lipid 
contents. Total l ipids were determined by the methods of Bligh and Dyer (1959). 
Measurement of protein contents 
Insect wastes and processed florets (25 mg each) were suspended separately in 5 ml 50 
mM citrate/phospate buffer, pH 7.0, and were ground for 10 min at 23±1 °C in a porcelain mortar 
with a pestle. T h e slurries were centrifuged for 20 min at 4000 x g The supematants were 
passed through an active carbon column (0.5 x 5 cm). The decoloured filtrates were used for the 
colorimetric estimation of total protein contents, which was carried out by the Lowry et al. (1951) 
method. 
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Results and discussion 
Tobacco beetles swarm on processed florets of dyer's saffron and devour 
them within a short span of time, through which the pharmacological values of 
the raw materials are lost, the damaged florets are unfit for sale and are disposed 
of at once. Almost every year, districts where dyer's saffron is grown suffer 
heavy damage. 
To investigate the extent of colorant damage by tobacco beetles, 
comparative studies on the quantification of sugars, lipids and proteins have 
been carried out on extracts from insect wastes and intact florets. The results 
summarized in Table 1 indicate clearly that tobacco beetles feed on the florets to 
digest carbohydrates, fats and proteins. The most remarkable decrease is seen in 
sugar content (decrease 86.1% on average). Protein contents are also reduced 
substantially (decrease 47.4%), while lipids diminish after insect digestion by 
19.9%. Among the sugars examined, fructose and glucose exhibited decreases 
of 99.3 and 99.1%, respectively. A considerably lower level was also observed 
for sucrose content (decrease 77.0%). These negative changes support the 
possibility that the above metabolites are all utilized by the harmful insects as 
nutrients to maintain their normal activities. 
Table 1 
Quantitative variations in sugars, lipids and proteins in insect wastes 
and processed florets of dyer's saffron 
Compound Content (mg/g) Ratio 
(IW/PF)* Insect wastes Processed florets 
Glucose 0.731 ±0 .315 83.76 ± 5.40 1.0 : 114.6 
Fructose 0.640 ±0 .426 89.28 ± 5.04 1.0 : 139.5 
Sucrose 57.320 ±4 .980 249.43 ± 54.11 1.0: 4.4 
Lipids 25.800 ±0 .030 32.20 ± 0.05 1 .0 : 1.2 
Proteins 4.440 ±0 .390 8.44 ± 0.50 1.0: 1.9 
* IW = insect waste, PF = processed floret 
Dyer's saffron is one of the most well-known medicinal plants. In Japan, 
China, India, Korea and other countries, the powdered and/or dried florets are 
used as a crude drug by women to promote blood circulation, to protect them 
from anaemic diseases, to treat menstruation disorders and so on. The current 
data suggest that insect-damaged florets are inappropriate as crude drug 
materials, because large quantities of the important nutrients are removed in 
insect wastes. Other useful components may also be reduced by the insect 
digestion process. Further detailed analyses are thus underway in our laboratory. 
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GENOTYPIC AND PHENOTYPIC VARIABILITY, 
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IN TRITICALE UNDER MEDITERRANEAN CLIMATIC 
CONDITIONS 
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DEPARTMENT OF FIELD CROPS, FACULTY OF AGRICULTURE, UNIVERSITY OF ÇUKUROVA, 
01330 ADANA, TURKEY 
(Received: 10 June, 1996; accepted: 2 August, 1996) 
This study was conducted to determine the effect of growth period, harvest index and 
biological yield on the grain yield of triticale and to estimate the inheritance of these 
characters. 
In this research, the values of phenotypic and genotypic coefficients of variability in 
both years ranged from 1.5 to 15.5% and from 0.5 to 11.9%, respectively, being highest 
for grain yield and lowest for days to heading. The estimates of heritability varied from 
0.28 for harvest index to 0.87 for plant height. The genotypic correlation coefficients of 
grain yield with biological yield, harvest index, plant height and grain filling periods were 
found to be consistently significant and positive in both years, while the genotypic 
correlation coefficient of grain yield with days to heading was significant and negative in 
both years. 
From the results of this study, it was concluded that environmental fluctuations had a 
greater effect on grain yield and harvest index than on biological yield, plant height, days 
to heading and grain filling period. However, in the present study, harvest index and 
biological yield may be considered as practical selection criteria for improving the grain 
yield of triticale in the Çukurova region under Mediterranean climatic conditions. 
Key words: biological yield, harvest index, grain yield, heritability, triticale 
Introduction 
An important objective in most triticale breeding programmes is to 
enhance the genetic potential for grain yield. Plant breeders and physiologists 
have suggested that it is possible to maximize the yield of grain crops by 
identifying the optimum duration of vegetative growth and grain filling period 
and also by increasing the harvest index. Therefore, breeders usually record data 
and make selections on the basis of a large number of agronomic characters, 
among which significant positive and negative correlations may exist (Lee and 
Kaltsikes, 1973). The identification of suitable morphological and physiological 
characters is needed to help breeders in the Mediterranean region to select high 
yielding lines for triticale. 
Several researchers have demonstrated that increases in the yield of cereal 
crops are mainly due to increases in the harvest index and, to a lesser degree, to 
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increases in biomass. Harvest index has therefore been recommended as a 
selection criterion for increasing cereal yield (Sing and Stoskopf, 1971; Fischer 
and Kertesz, 1976) 
T h e objective of this study was to determine the effect of growth period, 
harvest index and biological yield on the grain yield of triticale and to estimate 
the inheritance of these characters. 
Materials and methods 
The experiment was carried out on the research plots of the Field Crops Department of the 
Agriculture Faculty located at 37°21' N and 35°10' E for 2 years between 1991 and 1993. In this 
study, 10 triticale lines f rom ICARDA and CIMMYT were used as the plant material (Table 1). 
The experimental design was a randomized complete block with four replications. The plot size 
was 
6 n r . Measurements were taken on grain yield, days to heading, grain filling period, plant height, 
biological yield and harvest index. 
Statistical parameters including mean, range, phenotypic coefficient of variability and 
genotypic coefficient of variability were calculated for each trait in both growing years. 
Heritability was estimated in a broad sense using the components of variance method (Sing et al., 
1993). Genotypic correlations were also determined within the studied traits (Falconer, 1981). 
Table 1 
List of triticale genotypes 
Cultivars, name or pedigree Origin 
N.I.C. Bulk-1-81 ICARDA 
Drirar out-cross x 21295-OAP 9 ICARDA 
Juaniilo 98 21295-0AP ICARDA 
Drira out-cross * 21295 OAP 6 ICARDA 
Tesmo "S" X 39860-2Y-7M-2Y-2Y-1M-OY CIMMYT 
PTR " S"-62Lx-34819-18Y-2M-2Y-1Y-4M-1Y-OB CIMMYT 
M E R I N O "S" NRA-BGLB-2734-504 CIMMYT 
H A R E 7265/YOGUI "S" SWT 1697-05Y-0M-0Y-4M-1Y-0B CIMMYT 
YOGUI "S'VANTE ATER 62 CMT10403-015M-0Y2-0M-17Y-2B-3Y-0B CIMMYT 
MITHAN "S" CMT 9120-1 Y-1B-2Y-5M-1 Y-11 M-l Y-OB CIMMYT 
Results and discussion 
The performance of 10 triticale lines grown in the south of Turkey under 
a Mediterranean cl imate is presented in Table 2. The genotypic correlation 
coefficients between six characters are presented in Table 3. 
The phenotypic and genotypic coefficients of variability ranged from 1.5 
to 15.5% and from 0.5 to 11.9%, respectively. The genotypic coefficient of 
variability was highest for grain yield, followed by biological yield in both 
growing years. The lowest genotypic coefficient of variability was exhibited by 
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Table 2 
Means, ranges, phenotypic coefficients of variability (PCV), genotypic coefficients of variability 
(GCV) and heritability values (h2) for six characters measured on 10 triticale lines 
Characters Years Mean Range PCV (%) GCV 
(%) 
h2 
Days to heading (days) 1 124.4 124.5 - 127.5* 1.5 0.5 0 .60 
2 75.9 74.0 - 7 8 . 8 * 2.5 1.9 0.63 
Grain filling period 1 55.4 51.0 - 57.5* 3.6 4.3 0.61 
(days) 
2 44.1 43.1 - 4 6 . 0 * 4.2 3.3 0.62 
Plant height (cm) 1 125.8 105.5 - 133.8* 8.4 6.4 0.58 
2 128.8 110.8 - 135.3* 5.7 5.4 0.87 
Biological yield (kg/h) 1 16830 1466.6 -2037 .8* 14.1 8.2 0 .34 
2 16547 1463.8 -2043 .1* 13.0 9.7 0.55 
Harvest index (%) 1 39.0 36.1 - 4 1 . 9 * 6.6 3.5 0.28 
2 32.9 29.5 - 3 4 . 5 * 6.6 4.8 0.54 
Grain yield (kg/h) 1 6440 573.3 - 8 3 1 . 7 * 13.7 11.9 0.57 
2 5372 444.9 - 655.6* 15.5 9.6 0.38 
* Difference among cultivars significant at the p=0.05 level of error 
days to heading in both growing years. The remaining characters showed low to 
intermediate variation. These characters, which show a comparatively high 
genotypic coefficient of variability, may respond favourably to selection 
(Debnath, 1987). The phenotypic coefficient of variability was also highest for 
grain yield and lowest for days to heading. Characters other than grain yield, 
biological yield and harvest index showed little difference in the genotypic and 
phenotypic coefficients of variability, indicating less environmental inf luence 
on these characters. However, the large differences in genotypic and phenotypic 
coefficients of variability for grain yield, biological yield and harvest index 
indicate a large environmental influence. Amin et al. (1992), however, reported 
that the biological yield and harvest index of durum wheat were less affected by 
the environment. 
Heritability estimates in a broad sense exhibited high values for plant 
height, days to heading and grain filling period (days) in both growing years 
(Table 2). These results indicated that these characters were controlled by 
genetic factors. The heritability values were low for biological yield, harvest 
index and grain yield. This result also showed that these characters could be 
affected by the environment. 
Although the biological yield did not change f rom year to year, the 
harvest index and the grain yield increased or decreased from year to year. 
Harvest index in particular decreased when the grain yield decreased. This 
result clearly showed that the harvest index of triticale depends on the grain 
yield under Mediterranean climatic conditions. 
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Table 3 
Genotypic correlation coefficients between six characters measured 
in 10 triticale lines from 1CARDA and C1MMYT 
Years Grain filling Plant Biological Harvest Grain 
period height yield index yield 
Days to heading 1 - 0 . 4 7 8 * * - 0 . 0 3 0 - 0 . 2 3 8 0.193 - 0 . 2 1 3 
2 - 0 . 9 9 9 * * 0.251 0.019 0.931 -0 .603** 
Grain filling period 1 0.076 0.313* -0 .565** 0.174 
2 - 0 . 2 0 2 - 0 . 0 4 1 - 0 . 9 3 4 * * 0.509** 
Plant height 1 0.554** - 0 . 2 3 9 0.544** 
2 0.383** 0.224 0.645** 
Biological yield 1 
2 
- 0 . 2 7 0 
0.714** 
0.466** 
0.796** 
Harvest index 1 
2 
0.985** 
0.801** 
* Significant at p=0.05, ** Significant at p=0.01 
It can be observed that the genotypic correlation coefficient was 
appreciably modif ied in the two growing years for some characters (Table 3). 
The genotypic correlation coefficients of grain yield with biological yield, 
harvest index, plant height and grain fi l l ing period were found to be 
consistently significant and positive in both years, while the correlation 
coefficient of grain yield with days to heading was significant and negative. A 
similar association between harvest index and grain yield was reported by 
Sharma and Smith (1986), Shamsuddin (1990), Amin et al. (1992) and 
Yagbasanlar et al. (1995) in durum and bread wheat. A similar association 
between grain yield and plant height, and a negative correlation between grain 
yield and days to heading were reported by Yizhong et al. (1993) and 
Yagbasanlar et al. (1995) in barley and bread wheat, respectively. The results 
clearly indicate the important role of plant height, harvest index and biological 
yield in developing suitable triticale lines for the Çukurova region under 
Mediterranean climatic conditions. 
The genotypic correlation coefficients of harvest index with grain f i l l ing 
period were found to be significant and negative in both years, while the 
correlation coefficients of harvest index with days to heading and biological 
yield were significant and positive in the second growing year. The correlation 
coefficients of harvest index with plant height and biological yield changed 
from year to year. Therefore, Yagbasanlar et al. (1995) reported that harvest 
index and biological yield could be considered as promising yield selection 
criteria because of their acceptable heritability values and their positive 
correlation with grain yield. 
The biological yield was significantly and positively correlated with plant 
height in both years, while the genotypic correlation of biological yield with 
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grain filling period was found to be significant and positive in the first year . 
However, the correlation coefficients of plant height with days to heading and 
grain filling period, which changed from year to year, were not found to be 
significant in either year. Meanwhile, the grain filling period was found to be in 
significant negative correlation with days to heading in both years. 
From the results of this study, it was concluded that environmental 
fluctuations had a greater effect on grain yield and harvest index than on 
biological yield, plant height, days to heading and grain filling period. However, 
in the present study, harvest index and biological yield may be considered as 
practical selection criteria for improving the grain yield of triticale in the 
Çukurova region under Mediterranean climatic conditions. 
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OF WINTER WHEAT IN THE REPUBLIC OF CROATIA * 
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(Received: 22 January, 1996; accepted: 31 May, 1996) 
The breeding of winter wheat in the Be Institute for Breeding and Production of 
Field Crops - Zagreb was initiated in 1947 by Dr. Potoianac. After many investigations 
Italian wheat cultivars were introduced into production in Croatia after 1956. Because of 
several crucial failures, the most important cause of which was insufficient winter 
hardiness, he established a new wheat cultivar model combining the good traits of Italian 
and American cultivars. From this concept two famous wheat cultivars were released, 
Zlatna dolina and Sanja. The cultivar Zlatna dolina gave 15% higher yields in general 
production than the leading Italian cultivar Libellula (Martinic-JerCic, 1990). The stability 
of this high yield potential was expanded as the next step in breeding wheat for resistance 
to the most important fungal diseases: powdery mildew, stem rust, Septoria spp. and 
Fusarium spp. This wheat cultivar model was followed with certain changes and 
improvements, by the breeders who continued this work: P. Javor, S. Tomasovic and Dr. 
Mlinar. It is evident that this orientation in breeding was correct, because 56 cultivars were 
released, 9 of which were registered in foreign countries (Hungary, Italy, Czechoslovakia, 
Bulgaria and Slovenia). 
Key words: wheat, breeding, cultivar, yield, disease, fungi 
Breeding programme in the Be Institute - Zagreb 
Breeding and genetic work on developing new winter whea t cultivars is 
carried out within the framework of several programmes in the Be Institute fo r 
Breeding and Production of Field Crops - Zagreb in order to promote wheat 
production in Croatia. The basic objective is the development of semi-dwarf and 
moderately tall cultivars with increased productivity, wide adaptabili ty through 
resistance to major fungal diseases, earliness and improved kernel and f lour 
quality. 
The Be Institute - Zagreb possesses a large wheat gene pool consisting of 
different genetic materials with various properties. To broaden genetic 
variability after crossing, breeding is made by using a modified pedigree method 
with discontinuai individual selection. 
•Presented at the Seed Science Symposium of the European Society for Agronomy, 4-7 Sept., 
1995, Keszthely, Hungary 
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The breeding process is closely linked with phytopatho logical 
investigations on the economically most important wheat diseases. 
In the breeding programme aimed at a further rise in yield capacity, 
efforts are being made to maintain the density common for the well-known Be 
cultivars Baranjka and Super Zlatna and to increase the number of spikelets in a 
spike, which at the same time means the achievement of an increased number of 
kernels per spike. A great contribution to higher production per spike was made 
by the discovery of genes that control branching (Ramifera), four-rowing 
(Tetrastichon), and normal spike form in Triticum aestivum L. wheat (Rm, Ts 
and Nr genes) (Koric, 1972). In our breeding work branching genes are 
frequently used to develop highly productive normal genotypes, which is 
basically influenced by the change in spike structure. A production per spike of 
103 kernels was achieved at lower population density. The size achieved by the 
wheat spike with 103 kernels/spike indicates the pleiotropic effect of these 
genes towards higher 1 ООО-kernel weight and increased number of kernels per 
spikeiet (3-5) , hence increased number of kernels per spike. Further efforts are 
being made to reduce stem height and to improve the resistance to lodging in 
genotypes with long spikes. 
Parallel to this, efforts are being made to increase 1000-kernel weight. 
The new lines have more than 20 fertile spikelets, some of them as many as 27. 
Among the genotypes developed on the basis of higher production per spike 
there are some with 33 spikelets in a spike (data on such a large number of 
spikelets have not been found in the literature). It is known that the famous 
cultivar Zlatna dolina had about 16 spikelets and a 1000-kernel weight of about 
35 g. 
The basic concept of wheat breeding expressed by Dr. Potocanac as early 
as 1958, in which yield was based primarily on optimal plant density and yield 
stability, was based on resistance to the most important wheat diseases 
(Borojevic and Potocanac, 1966; Potocanac, 1984; Javor, 1984; 1987; 
Tomasovic, 1985; Tomasovic et al., 1993). Along with the basic objective -
yield increase and improvements in kernel and flour quality - further intensive 
improvements in relevant properties are being pursued within several 
programmes under the guidance of the wheat breeders: Javor, Tomasovic and 
Mlinar. This group of wheat breeders aims to achieve yields of 15 t ha"1, 
because yields of 10 t ha -1 or more were already produced in 1983 and 1984 in 
general production. They also hope to maintain high yield stability by breeding 
for resistance to the most important diseases and to further increase kernel and 
flour quality. 
Winter wheat seed production programme in the Be Institute - Zagreb 
According to the nation's programme for wheat production advances, one 
of the basic tasks for the Be Institute is to provide a sufficient quantity of high-
quality seed (super elite and elite) to satisfy the nation's seed requirements and 
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also for export. In the production of wheat seed there is coordinated cooperation 
between the Institute and the producers (state farms), which are adequately 
equipped for the modern production of wheat seed. 
Owing to their positive traits and adaptability to local growing conditions 
and production technology, Be cultivars of winter wheat represent the leading 
seed material in the country. The production of the basic seed is performed by 
maintaining the elite through multiple selection of the best progenies (single 
rows) of selected spikes within a cultivar's population. Chosen selected spikes 
are analysed in the laboratory and after visual selection are propagated in single 
rows. Off types of single rows which differ from the basic type of cultivar are 
discarded before the selected progenies of spikes are harvested in bulk. In this 
way seed of super elite category is obtained. Subsequent categories of seed are 
propagated from the super elite. 
Results of wheat breeding and seed production in the Be Institute - Zagreb 
Be wheat cultivars possess high genetic yielding potential and are suited 
to different agroecological growing conditions, which has marked significance 
for their spread both at home and in neighbouring countries. The new Be 
cultivars of winter wheat are increasingly grown throughout the country and are 
gaining a significant share in the nation's production (about 50% according to 
the latest reports). Among them, Sana and Marija are specially distinguished. 
Owing to their high yielding capacity and the results achieved in agricultural 
production both at home and abroad, the above cultivars serve as standards for 
the Committee for the Registration of New Wheat Cultivars (Sana - standard in 
the Republic of Croatia; Marija - standard in the Republic of Slovenia). Because 
of their high yield and improved kernel and flour quality both Sana and Marija 
satisfy the strict criteria of the market. 
Following Marija and Sana, a prominent place in general agricultural 
production is taken by Alena, Adriana and a new cultivar Ida, which represents 
excellent raw material for the confectionery industry. Be cultivars f rom the 
latest cycle of breeding now entering production are the following: Darka, Rina, 
Melita, Davorka, Sandra, Tina, Olga (Table 1). In normal years and planted at 
optimal date (October 10-25) they produce yields well above 8 t ha"' of dry 
grain, and above 10 t ha"' in microtrials. A certain amount of progress has been 
made in the latest Be cultivars and lines in terms of kernel and flour quality. A 
higher level of protein content and sedimentation value has also been achieved, 
which means that some cultivars or lines belong to quality class I and some to 
class II (Table 2). New cultivars and lines exhibit good farinological properties, 
of which water absorption should be emphasised. Extensograph values are also 
relatively good. As for indices of seed quality, the increase in 1000-kernel 
weight is pronounced, i.e. 40-45 g or more, in some materials even 50 g or more 
as compared to the cultivars from earlier breeding programmes.The old cultivar, 
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Table 1 
Grain yield and relevant agronomic traits of new winter wheat cultivars developed by the Be Institute Zagreb, in small-scale trials, Zagreb-Botinec, 
1991-1993 
Cultivar Grain yield Relative 1000 Test Plant Lodging Vegetation Disease attack 
kg/ha to Sana kernel weight height (%) length ± 'owdery Leaf Septoria Fusarium 
Cultivar Sana Sana=100% weight (kg) (cm) days Sana mildew rust spp. spp. 
Standard (g) (0-9) Cobb's 
scale 
(0-9) (0-5) 
Darka 8858 8892 99.62 47.0 77.2 73 0 - 1 1 - 2 OR 2 0 
Davorka 9202 9168 100.37 45.0 78.0 77 0 - 2 3 OR 0 1 
Melita 8862 8892 99.66 42.0 77.0 77 0 - 1 1 OR 0 0 
Olga 8000 7600 105.26 49.5 78.9 82 2 - 3 +2 3 M OR 2 - 3 0 
Rina 9740 8892 109.53 43.5 76.0 75 0 -1 0 - 1 OR 1 0 
Sandra 8232 7878 104.49 47.0 78.4 84 5 +2 OR 3 0 
Tina 8124 8290 97.99 46.5 75.5 72 0 0 2 TR 2 0 
Ida 8836 8444 104.64 47.5 77.0 82 0 0 1 OR 0 0 
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Table 2 
Quality indices of new winter wheat cultivars developed by the Be Institute 
for Breeding and Production of Field Crops, Zagreb 
Cultivar Protein Sedimentation Quality FARINOGRAPH EXTENSOGRAPH 
value (ml) class Water Quality 
absorption number 
Quality Extensibi- Resistance 
group iity (mm) (EJ) 
Rat io 
(O/R) 
Darka 12.9 34.7 II 57.0 58.5 B1 166 230 1.38 
Davorka 13.3 30.8 II 50.8 53.9 B2 187 355 1.89 
Melita 12.4 33.8 II 55.5 55.1 B1 171 190 1.11 
Olga 11.5 43.0 I—II 59.3 65.0 B1 147 245 1.32 
Rina 12.0 38.0 II 50.0 35.4 CI 116 340 2 .93 
Sandra 14.0 47.8 I 57.7 67.3 B1 139 215 1.54 
Tina 13.8 64.4 I 53.8 63.8 B1 180 320 1.78 
Zlatna dolina, had an average 1000-kernel weight of 3 0 - 3 5 g. Table 1 shows 
that the new cultivars have a high level of resistance to the most important 
fungal diseases affecting wheat . They have moderately tall stems of good 
strength and exhibit very good resistance to lodging. As regards maturity they 
belong to the mid-early types. 
Newly developed cultivars, seed production and advanced production 
technology are achieved as the result of numerous scientif ic investigations, 
which together contribute to the higher profitability of wheat production. Thus , 
on state farms in Croatia the average grain yield reached 6.9 t ha"1. According to 
the nation's programme for advancing wheat production the prime task for Be 
Institute - Zagreb is to provide a sufficient quantity of quality seed (super eli te 
and elite) both for the domestic and foreign markets. This long-term programme 
requires cooperation between the Be Institute and farm producers equipped fo r 
organised seed production throughout the country. Table 3 presents the data of 
wheat seed production in the Republic of Croatia and the share of the Be 
Institute in total seed production for the period from 1983 to 1994. 
It is evident from the Table 3 that the highest amoun t of seed was 
produced in 1987. Also, it can be noted that in the period f r o m 1983-1986 Be 
wheat cultivars predominated in the harvested acreages under wheat in the 
Republic of Croatia. Until 1985, there was a steady increase in the seed 
production of Be wheat cultivars, when they accounted for 9 6 % of the harvested 
area in the country. After this period production fell to 50% and a new trend of 
growth has been noted. 
Our intention was also to demonstrate the production and marketing of Be 
cultivars in the Republic of Croatia during the war period (1991-1994) , when 
notable sales of wheat seed were achieved. Despite the war conditions and the 
occupation of some of the wheat growing area, a continual increase in the 
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marketed seeds of Be wheat cultivars can be noted for the period 1991-1994, 
which meant a significant contribution of the Be Institute - Zagreb to the 
nation's seed production. 
Table 3 
Seed production of winter wheat in the Republic of Croatia 
and the share of the Be Institute in the total seed production 
for the period from 1983 to 1994 * 
Production year Production in tons Share, % 
1983 37,262 95 
1984 30,582 93 
1985 32,068 96 
1986 34,747 76 
1987 57,372 60 
1988 34,090 61 
1989 29,186 59 
1990 41,734 53 
1991 11,841 -
1992 14,552 -
1993 18,199 -
1994 18,077 
-
* Data from the Be Institute's sales department 
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Book reviews 
С. WAYNE SMITH: Crop Production: 
Evolution, History, and Technology. John. 
Wiley and Sons, Inc., 1995. 469 pp. 
ISBN 0 -471-07972-3 
The present rapid development of plant 
sciences means that the attention of both 
university students and researchers is directed 
chiefly to high-tech fields such as molecular 
biology and biotechnology. The vast majority 
of recently published books and papers deal 
with these new, expanding fields of science. 
Meanwhile less attention is paid to the 
traditional branches of agricultural research 
which have a direct influence on the supply of 
the growing world population with food and on 
the success of agricultural production. One of 
the most important of these areas is crop 
production, which is capable of synthesising 
the results of various research fields in such a 
way that millions of people are affected by the 
success or failure of this work. The authors 
have thus supplied a much-felt need with this 
extremely well-written book. 
The sub-titles give a concise picture of 
the topics discussed. Information is provided 
on the eight most important crops grown on the 
largest areas in the United States - maize, 
wheat, grain sorghum, barley, rice, cotton, 
soybeans and peanuts. The historical 
background deals not only with the 
taxonomical origin of the plants, but also with 
the history of cultivation and how it spread, 
particularly in the United States. The authors 
also give a detailed discussion of the marketing 
situation of each crop, including changes in 
world production and trade, the USA 
production figures, and other major indices. 
For almost all the crops a list of the 
varieties cultivated during different periods is 
given, though here too the majority of the 
examples are North American. But this is not 
by chance, since the book is aimed primarily at 
American farmers, university students and 
postgraduates, which is why the authors 
express data in the units currently used in the 
USA. This does not mean, however, that the 
book cannot be recommended to experts in 
other countries, since it also offers universal 
knowledge, and the crops discussed are of 
much the same importance all over the world. 
The end-products of crop production 
are at the same time the raw materials of the 
processing industry. The desire to make the 
reader conscious of this connection is 
characteristic of the emphasis placed on 
marketing throughout the book. In this way the 
authors draw attention to the healthy fact that 
farmers must never lose sight of the need to 
successfully market their produce. For this 
reason the industrial standards in force both in 
the USA and in other parts of the world are 
discussed in the book. 
In line with the basic aims of the book, 
the authors provide detailed information for 
each crop on production technologies and on 
biotic pests. Knowledge on the growth and 
morphology of the crops, which is essential 
both for scientists and farmers, is also to be 
found in the book. 
This 469-page book provides a 
comprehensive and extremely substantial 
review of the production of major field crops 
and of the situation extant at the end of the 
20th century. It is more than a simple 
description of cultivation, which is why I can 
recommend it with perfect confidence not only 
to university students, as mentioned by the 
authors themselves at the end of the 
introduction, but also to farmers, and to 
scientists involved in analytical work in new 
fields of biotechnology, who nevertheless feel 
the need for a more synthesising type of 
knowledge. 
Z . B E D Ő 
R A. McINTOSH, C.R. WELLINGS and R.F., 
PARK: Wheat Rusts. An Atlas of Resistance 
Genes. Csirio Australia, Kluwer Academic 
Publishers. 1995. 200 pp. 
ISBN 0 - 7 9 2 3 - 3 4 3 0 - 2 
The economic and social problems 
caused by rust diseases are still of importance 
today. In the past stem rust (Puccinia graminis 
f.sp. tritici) epidemics resulted in catastrophic 
damage in many countries of the world, 
including Hungary, where major epidemics 
were noted in 1873, 1926, 1932, 1933, 1936, 
1952, 1954 and 1972. Breeding efforts have 
substantially improved the stem rust resistance 
or tolerance of cultivated varieties, especially 
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since the discovery of the powerful Sr 31 and 
Sr 36 resistance genes, which represented a 
great step forward in biological plant 
protection, the prevention of rust epidemics 
and the application of cost-saving 
technologies. The spread of resistant varieties 
has led to the suppression of stem rust 
throughout the world. 
In recent years leaf rust (P. recondita 
f.sp. tritici) has raised its head in many wheat-
growing countries, causing serious epidemics 
in Hungary in 1994 and 1995. This can be 
attributed to the appearance of races of leaf 
rust virulent to the resistance genes Lr 3 and Lr 
26, which were previously very efficient, thus 
overcoming the resistance of cultivated 
varieties. 
In Hungary, unlike many other parts of 
the world, yellow rust (P. striiformis sp. iritici) 
is rarely observed, though over the last two 
years it has attacked wheat in various parts of 
the country. 
The conquest of rusts is still not an 
easy task and requires complex plant 
protection. The book under review will offer 
great assistance in achieving this aim. 
The book is a fine example of the 
excellent synthesis of content (critical analysis 
of a large volume of experimental material 
collected with great patience, careful 
presentation, a high standard of scientific 
interpretation, concise descriptions) and form 
(novel structure, high standard of printing, 
various types and sizes of print, a vast number 
of high quality photographs facilitating the 
recognition of resistance types, easy orientation 
within the book). 
After the Foreword, Preface and 
Contents, Chapter 1 deals with the subject of 
Wheat Rusts and the Genetic Bases of Disease 
Resistance. The chapter is divided into 
numerous subsections, including the Biology 
of pathogen and host; Host:pathogen genetics; 
Methodologies in wheat rust diseases; Factors 
limiting international agreement on differential 
sets, and Breeding for rust resistance. 
Chapters 2, 3 and 4 (The Genes for 
Resistance to Leaf Rust, Stem Rust and Stripe 
Rust, respectively, in Wheat and Triticale) 
provide information on catalogued, temporarily 
designated and miscellaneous rust resistance 
genes, the majority of which are discussed 
under the following headings: gene designation 
(including synonyms), chromosome location, 
low infection types, environmental variability, 
origin, pathogenic variability, reference stocks, 
source stocks, use in agriculture, plate. 1 have 
collected the genes found in wheat in the 
following table: 
Number of wheat leaf rust (Lr), stem rust (Sr) 
and yellow rust (Yr) resistance genes listed in 
the book 
Lr Sr Yr 
Catalogued 
resistance genes 
Temporarily 
designated and 
miscellaneous 
resistance genes 
Total 
Note: Complex loci possessing several alleles 
(e.g. Lr 2a, Lr 2b, Lr 2c) have been taken as a 
single gene in the table 
The works listed in the References will 
be of assistance to those wishing to obtain a 
deeper knowledge of this subject. Appendixes 1 
and 11 facilitate orientation within the book. 
It is also the task of the reviewer to 
indicate any deficiencies in the book, if such 
are to be found. The few comments made 
below by no means detract from the value of 
the book, but should perhaps be considered by 
the authors in a later edition. 
- Slight errors have been made in the names of 
one or two European varieties. 
- In some cases relatively few varieties are 
listed among the source stocks, although 
considerably more are known, particularly 
those listed in the Catalogues of Gene Symbols 
for Wheat published by the first author and his 
colleagues. The more varieties are known (each 
no doubt containing different quality traits) the 
easier it is for breeders to choose suitable 
parental pairs. 
- I was disappointed to find mention of only 
Fertődi 293 from among the wheat varieties 
bred in Hungary. 
- Among the numerous literary references, 
those originating from the ex-Socialist 
countries are extremely rare. Yet they say that 
science, like music, knows no frontiers. 
44 41 18 
9 15 7 
53 56 25 
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The overcoming of rust damage and 
the associated yield losses will require control 
measures. The most reliable results can be 
expected from integrated plant protection. One 
of the most effective forms is biological plant 
protection, involving the development and 
cultivation of resistant varieties. Successful 
breeding depends on the discovery, 
development and testing of new genetic 
sources and a knowledge of varieties carrying 
efficient resistance genes. The book will be of 
assistance in this. 
This well-presented book can be 
warmly recommended to breeders, to improve 
the success of their work, to pathologists, to 
give them a better understanding of the host-
pathogen relationship, to university lecturers 
wishing to improve the standard of their 
lectures, and to undergraduates and 
postgraduates requiring a broader knowledge 
of this subject. In fact, to all those who enjoy a 
good book. 
L . SZUNICS 
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